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B.C.E., 5, 11, 766. U.D.C. No. 66.096.5. 


QUELQUES CONSIDERATIONS DE LA 
CORRELATION DES LITS FLUIDISES 
A PHASE DENSE—2eme PARTIE 
por M. Leva 

L’auteur examine d’abord I’échange de chaleur 
entre le lit et les surfaces extérieures, puis il étudie 
l’échange de chaleur entre le lit et les surfaces 
intérieures. Il parle briévement de l’échange de 
chaleur entre les particules et le gaz fluidisant, ainsi 
we du transfert massif dans les gaz et les systémes 
liquides fluidisés. 


Kurzreferate 


B.C.E., 5, 11, 766. U.D.C. No. 66.096.5. 


BEZIEHUNGEN UBER DICHTE 
WIRBELBETTEN—TEIL I! 


von M. Leva 


Einer Besprechung des Warmeaustausches zwischen 
dem Bett und den dusseren Oberflichen folgt eine 
Untersuchung des Wirmeaustausches zwischen dem 
Bett und den inneren Oberflichen. Der Artikel 
bespricht auch kurz den Wiarmeaustausch zwischen 
Partikeln und Wirbelgas und die Masseniibertragung 
in Gasen und Fldssigheltesystemen. 


Pe3iome 


B.C.E., 5, 11, 766. U.D.C. No. 66.096.5. 


PACCMOTPEHME HEHOTOPbIX BOMPOCOB 
HACAIOUMXCAR COOTHOWEHUA 
FYCTO@A3HOA MMUAHOA NNMTbI—4ACTb 2AR 
M. Jlesa 


Cratsa o6cyxnaeT B Havane Tenz006meH Mey 
NAuTOM HM BHEWIHHMM MOBepxHocTamn. Jlaetca KpaTKait 
orveT 0 Temm006meHe MexKy YacTHyaMA Hw OawHIH- 
pYMUMM rasOM, @ Takxxe 0 mepeHoce MaccH B raze 
MB KMAKHX Hawn LUpyeMLIX cHCTeMaX. 





773. U.D.C. No. 66.022.28. 
DE LA 


B.C.E., 5, II, 


LA THEORIE ET LA PRATIQUE 
COMMINUTION — 2eme partie 


par D. Kelleher 


On considére la validité d’un certain nombre de 
lois, dont celles de Kick, de Rittinger et de Bond, 
en particulier la troisiéme loi de ce dernier, et la 
déviation exponentielle de la loi de Kick présentée 
par Holmes. On examine des méthodes permettant 
d’utiliser la théorie pour le choix de |’équipement, 
la détermination des besoins en énergie et |’exploita- 
tion de cet équipement avec une dépense minimum 
d’énergie. 


B.C.E., 5, 11, 773. U.D.C. No. 66.022.28. 


VERMAHLUNGSTHEORIE UND -PRAXIS — 
TEI : 


von D. Kelleher 


Der Artikel befasst sich mit der Giiltigkeit einiger 
Gesetze, wie jener von Kick, Rittinger und Bond, 
des dritten Bond’schen Gesetzes und des Holmes’- 
schen Deviationsexponenten zum Kick'schen Gesetz. 
Verfahren zum Einsatz dieser Theorien zwecks Wahl 
der Einrichtung, Bestimmung des Energieverbrauchs, 
und der Betriebsanlagen mit kleinstem Energiever- 
brauch werden ebenfalls besprochen. 


B.C.E., 5, 11, 773. U.D.C. No. 66.022.28. 


TEOPUA WU MPAKTHKA PABHOMEPHOTO 
U3SMENbYEHMA — 4ACTb 2an. 


JI. Keanexep 


OG6cyxpaeTes WeHHOCTL TAKHX 3AKOHOB Kak 3aKOHH 
KHKA, PHTTHHTEPA, a BOHJIA, B tom cae 
Sut saxon BOHJIA a seegennuit Xombucom noKa- 
saTeab oTKaOHeHNA oT sakoHa KHKA. Ob6cyxqawrta 
MeTOLM HCHOIL30BanuA TeOpHH pu BHOOpe O6opyzo- 
BaHAA, OnpeqewenmA aHepreTuYecKHX nOTpebxocTeli 
MH Wf HenOAb3;OBaHHA O6Opy_OBaHHA C MHHMMAIbHOM 
Tpatol sHepruu. 





B.C.E., 5, 11, 784, U.D.C. No. 66.011. 


CONSTRUCTION D’EQUIPEMENTS POUR 
UNE RENTABILITE MAXIMUM 


par J. J. Taborek, Phillips Petroleum Company, Bartlesville, 
Oklahoma ? 


La relation entre les bénéfices et les dépenses est 
considérée comme la base des travaux destinés 
a construire l’équipement de facon qu'il soit aussi 
rentable que possible. L'auteur examine l'ensemble 
des éléments de production a inclure dans les calculs 
d’ “ optimisation’. Il passe en revue, briévement, 
les méthodes permettant de calculer les dessins 
optimum: a) méthode analytique classique ; 
6) méthode des multiplicateurs indéterminés ; 
c) méthode de la courbe ascendante maximum ; 
et d) méthode de l'étude réitérée de cas d’espéce. 
Il compare les mérites et possibilités de ces diverses 
méthodes, en ce qui concerne, en particulier, leur 
adaptation éventuelle aux calculatrices numériques. 
i les p ilités d’avenir dans ce domaine. 





B.C.E., 5, 11, 784, U.D.C. No. 66.011. 


WIRTSCHAFTLICH GUNSTIGSTE 


KONSTRUKTIONEN VON FERTIGUNGS- 
ANLAGEN 


von J. J. Taborek, Phillips Petroleum Company, Bartlesville, 
Oklahoma 


Die Okonomie der Betriebsgewinne und -Auslagen 
wird als Grundlage fiir optimale Anlagenkonstruk- 
tion erklart, und der in die Berechnung des Optimums 
einzubeziehende Fertigungskreislauf wird besprochen. 
Es golgt eine kurze Ubersicht der Methoden zur 
Optimalkalkulation, naimlich a) der _ klassischen 
analytischen Methode, 56) der Methode der un- 
bestimmten Faktoren, c) der Methode maximaler 
Steigung und d) wiederholter Produktionsstudien. 
Die Vorteile und Méglichkeiten dieser Methoden, 
insbesondere ihre Eignung fiir Digitalrechen- 
maschinen und die oe weiterer Ent- 
wicklung werden bespr 


B.C.E., 5, 11, 784. U.D.C. No. 66.011. 


TEXHONOFWA OBPABGATBIBAIOUWIETO 
OSOPYA0BAHMA B COOTHOWEHMM C 
3HOHOMHbIM ONTAMYMOM 


3K. HK. Taboper, Ounaunc lerpomeym Komnann, 
Baprapsuaa,, Oxaoxoma, CIITA. 


Penta6eabune MeTORM OXOZOB M pacxo_oB mpu- 
BOAATCA B KayecTBe OCHOBH JA ONTHMHZANMA Tex- 
Honormu O6opyxoBanua. O6cyxqaeTca BOmpo? O TOM, 
nO Kakoil cTeneHH cuelyeT YUMTHBATL cxeMy Tex- 
HOTOrMYecKOrO Mpomecca Ip pacveTax ONTHMH3aNHH. 
Jlaetes KparKuii 0630p meTO0B BHYHCICHHA ONTHMY Ma 
KOHCTPYKQBH, 4 HMeHHO: 1) TpaqMNMOHHH ananuTH- 
veckuii meTog, 2) meTOR HeycTaHOBaeHHWX YMHOKH- 
Texel, 3) mero wamOonee KpyToro noqbema u 
4) meToq noBTOpHOrO M3y4eHHA FaHHOrO NoAOxRKeHuA. 
O6cyxyawTca cpaBHuTenbHHe «mpenMymiectBa 4 
BOSMOXHHOCTH KAXKOTO M3 THX METOLOB, B YaCTHOCTH 
B O62acTH HX NPHMeHeHMA Ha KOMMyTaTOpax. AsTop 
ykasnipaeT Takxe H& BOSMOKHOCTH jalbHeiwero 
pasBaTua B eto ObmacTH. 





B.C.E., 5, 11, 789. U.D.C. No. 66.047.32:66 
074.66 

LA REDUCTION CATALYTIQUE DES GAZ 
D’ECHAPPEMENT DES INSTALLATIONS 
D’ACIDE NITRIQUE 
por W. Fletcher 

On passe en revue les méthodes modernes utilisées 
pour éliminer le peroxyde d’azote des gaz d’échappe- 
ment par combustion catalytique au méthane ou 
4 I'hydrogéne. On considére l’aspect économique 
de la récupération d’énergie dans les installations 
de production d’acide nitrique, ainsi que le prix et 
la construction de l’équipement de combustion. 


B.C.E., 5S, 11, 789. U.D.C. No, 66.047.32:66 
074.66 

DIE KATALYTISCHE REDUCTION VON 
OFENGASEN IN SALPETERSAUREAN- 
LAGEN 
von W. Fletcher 

Eine Ubersicht der jetzigen Praxis des Entzugs 
von Stickstoffdioxyd-Ofengas durch katalytische 
Verbrennung mit Methan oder Wasserstoff. Die 
Wirtschaftlichkeit der Energieriickgewinnung in 
Salpetersdureanlagen wird im Zusammenhang mit 
den Kosten und der Konstruktion der Verbren- 
nungsanlage besprochen. 


B.C.E., 5, II, 


HATANUTUYECHOE BOCCTAHOBNEHUE 
XBOCTOBOrO FA3A U3 YCTAHOBOK 
A30THOA HKUCNOTbI 
B. Maevep 

O630p BBe_eHHHX HeqaBHO MeTOROB yuanenua 
ABYOKHCH a30Ta H3 XBOCTOBOTO rasa Tp NomMomH 
KaTaMTMYeCKOro CrOpaHuA C MCTAHOM HIM BOLOPOLOM 
O6cymnaeTcA AKOHOMUKA BOCCTAaHOBAeHUA aHeEprHu 
pH MpousBo_eTse ajOTHOH KHCHOTH, BMeCTe CO 
cTOHMOCThIO O6OPyNORAHMA AAA cropaHMA HM Xapak- 
TepHcTHKOH ero KONCTPyYKUMH. 


789. U.D.C. No, 66.047.32:66 
074.66 





B.C.E., 5, 11, 791. U.D.C. No. 66.047.791. 


Le pode aed PAR ATOMISATION DES 
PIGMENTS EN BOVE 
por Ing. G. Kiraly 

En utilisant une méthode simplifiée pour l'étude 
de la mécanique de la formation des gouttes aux 
ajutages 4 turbulence et fluide unique, et du transfert 
de chaleur entre le moyen de chauffage et les 
gouttelettes, l'auteur a été amené a construire un 
sécheur-atomiseur expérimental dont il décrit la 
performance en détail. Les résultats obtenus per- 
mettent de rassembler des données qui serviront 
4 la construction d'un appareil commercial. 


B.C.E., 5, 11, 791. U.D.C. No. 66.047.791. 


ZERSTAUBUNGSTROCKNUNG VON 
PIGMENTSCHLAMMEN 
von Ing. G. Kiraly 

Eine vereinfachte Anndherung an die Mechanik 
der Tropfenbildung an Einzelflissi its-Wirbeldi 
und an die Warmeiibertragung “zwischen Warme- 
triger und Tropfen fiihrt zur Entwicklung eines 
Versuchstrockners, iiber welchen Einzelheiten an- 
gefiihrt sind. Die erhaltenen Resultate ermédglichen 
die Konstruktion einer industriellen Einheit. 





BC.E., 5, 11, 791. U.D.C. No. 66.047.791. 


PACNbISIATENBHOE CYWEHMVE MUAKUX 
NUrMEHTOB 


Hux. I. Kapaa 


Yupomenuuit noxyxoq K MexanuKke o6pas0pnna 
Kaneab Ha OLHORKMAKOCTHNX BOPOHGATWX commax HK 
nepeave TeNta MeKLY HAarpeBaloniMM cpe_cTBOM 4H 
KanJaMH, Be_eT K KOHCTPYKUMH akcHepHMeHTaIbHOrO 
cymuTeaa, pabowe anne KOTOpOTO mpuBo_ATCA 
B etatbe. T[lomyvennwe pesyabTaTH fawT AaHHHe 
aaa KkKONCTpYKUMM annapata Aaa komepyeckoro 
HCHOALIOBAaHHA. 





B.C.E., 5, 11, 795. U.D.C. No. 542.63:66.061. 


DIFFUSION DANS LES LIQUIDES 
DILUES: UNE NOUVELLE CORRELATION 


por S. H. Ibrahim et N. R. Kuloor 


Les auteurs ont mis au point une méthode simple 
pour évaluer les coefficients de diffusion des liquides ; 
elle est basée sur la prémisse que le coefficient de 
diffusion est une propriété moléculaire. La corréla- 
tion s’obtient avec l'aide d’un nouveau nombre 
Schmidt sans dimension. Les auteurs donnent une 
explication du facteur de solution qui apparait dans 
ce genre corrélation lorsqu’on applique les 
données relatives 4 l'eau a d'autres solvants. La 
nouvelle corrélation est vraie avec une marge d’erreur 
moyenne de + 10%. 


B.C.E., 5, 11, 795. U.D.C. No. 542.63:66.061. 


DIFFUSION IN VERDUNNTEN 
LOSUNGEN: EINE NEVE BEZIEHUNG 


von S. H. Ibrahim und N. R. Kuloor 


Ein einfache Methode wurde entwickelt zur 
Bestimmung der Fliissigkeitsdiffusionskoeffizienten ; 
diese Methode beruht auf der Voraussetzung, dass 
der Diffusionskoeffizient eine Molekulareigenschaft 
ist. Die Beziehung wird durch eine neue, dimensions- 
lose, die sog. Schmidt-Nummer, erarbeitet. Der 
Artikel gibt cine Erkldrung fiir den in dieser Art 
von Beziechungen auftretenden Lésungsfaktor, wenn 
die Kenndaten fiir Wasser auf andere Fliissigkeiten 
iibertragen werden. Die neve Korrelation ist inner- 
halb eines durchschnittlichen Fehlers von + 10% 
giltig. 


B.C.E., 5. 11, 795. U.D.C. No. 542.63:66.061. 


QU@OY3UA B PA3BABNEHHbIX 
PACTBOPAX: HOBOE COOTHOWEHUME 


C.T. H6parum u H. P. Kwoayp 


Paspabotan mpocrol metoq onpexenenun Kood- 
ouunentos xuddysum xuM_AKOCTH; On oOCcHOBaN Ha 
ipeqnoewake, YO Koohhunnent Rudhysun avaneten 
MOaeKyAapaNM cBolictaom. CooTuomenne ,obnpaetcs 
€ nomomsio Honore GespasmepHoro qacaa DIMHT 
Pasbacusetcn nospaenne B 9TOM BUNe COOTHOMeHKA 
pacTBopuTeabHoro akTropa upH nepepoqe AanHnXx 
B Boge K JaHHWM Apyrux pacTsopuTeaeli. Hove 
cooTHoweHnwe UpuroqHo Bs npeqemax cpequero 
oTkaonenua + 10%. 
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DIGEST 


Who Needs Heat Exchange Test Work? 


HE National Engineering Laboratory at East Kilbride 
has announced that it is now in a position to under- 
take research, development and test work on behalf of 
individual companies or organisations in the fields of heat- 
exchange apparatus, heat-transfer problems in general and 
the relevant physical properties of fluids. The laboratory 
already provides a number of other technical services to 
industry. Requests for advice on mechanical engineering 
problems are welcomed, special investigations arranged, 
training and conference facilities are provided. 

The Heat Division—which will be responsible for the 
new venture—is already working on fundamental invest- 
igations of heat transfer in pipes, in beds of solids and in 
liquid metals as well as studying the operation and per- 
formance of heat exchangers. From the latest announce- 
ment it would appear that the division is prepared to con- 
sider a wide range of types of work. They include proposals 
for novel investigations likely to give rise to important 
developments, full design, construction and operation of 
apparatus or tests on equipment provided by the sponsor- 
ing body. The tests may be on complete units or com- 
ponents and carried out by N.E.L. staff or jointly by 
engineers from the firm and the laboratory. It will be in- 
teresting to see the extent of the demand for these valuable 
facilities which are backed by an experienced staff in a 
well-equipped laboratory. 


Free Entrainment Behaviour in Sieve 
Trays 


NVESTIGATIONS of the magnitude of entrainment in 
tray columns as a function of gross system conditions 
have tended to result in the development of empirical or 
quasi-empirical relations which are applicable to specific 
conditions and operating ranges. In a recent report S. I. 
CHENG and A. J. TELLER of the University of Florida 
(College of Engineering) have made an effort to evaluate 
the entrainment phenomenon on the basis of the contribut- 
ing behaviour mechanisms. 
The study was carried out with an air-water system using 
a sieve plate having 5/32 in. diameter perforations on 
15/32 in. triangular pitch with 8°, free area; the perfora- 
tions covered 70°, of the tray cross-section, A cylindrical 
section equivalent to the tray cross-section extended 2 
inches below the tray to promote effective distribution of 
the air. A “drop interceptor” was used to measure both 
the quantity of entrainment and the size distribution of 
the entrained liquid droplets. It consisted of a holder box, 
suspended by a + in. diameter rod, containing a 1 sq in. 
rotating glass slide which could be covered with a mag- 
nesium oxide film or to which could be attached a filter 
paper absorber. The measurement surface was first exposed 
to the entrainment at various heights above the froth 
then rotated back to its initial position wtih the exposed 
surface facing upward. For size distribution studies, the 
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exposed glass slide coated with magnesium oxide was 
placed in the film section of a slide projector. 

An attempt was made to correlate the effects of drop 
size distribution, projection velocity, drag and gravity on 
the quality of entrained liquid between trays. The drop 
size distribution was found to be logarithmic in nature. 
An equation derived for the entrainment as a function of 
distance above the froth gave results with an average devia- 
tion of 28°%, from the experimental data. Large deviations 
were found mainly at greater heights above the foam 
where the measured quantity of entrainment was in the 
range of only 0.0002 grams per minute per sq. in. of tower. 


Explosion in Flameproof Circuit-Breaker 


T is disconcerting to learn that a certified flameproof 
circuit-breaker can explode due to a flashover or inter- 
nal insulation failure. In the last annual report on electrical 
accidents and their causes* the factory inspectors refer to 
such a case and draw attention to the limitations inherent 
in the use of this type of gear. The breaker had apparently 
been used as standard equipment in a works largely con- 
cerned with hazardous materials but was not in a danger 
area and there was therefore no risk of vapour explosion. 
Important features of the installation were the unsuitable 
settings of definite time-limit relays and the arrangements 
for automatically re-energising a circuit from a standby 
transformer if the normal supply tripped out ; this allowed 
the breaker, which had already failed, to be re-energised 
from a different source. 

Commenting on the accident, the inspectors point out 
that no piece of flameproof equipment will withstand for 
more than a short time an internal short-circuit without 
losing its flameproof qualities and becoming itself a source 
of danger. Where there is a general explosion hazard it is 
obviously even more important than in other situations to 
ensure, by the proper selection and setting of protective 
equipment, that internal faults are instantaneously cleared ; 
it must be made impossible accidentally to re-energise 
defective equipment or circuits. In some chemical processes 
of course it is important in the interests of safety to resume 
supply at the earliest possible moment from an alternative 
source. For such cases the recommendation is that there 
should be complete duplication of equipment needed in 
the danger area, together with zone protection against 
internal faults. 

* “Electrical Accidents and their causes” 


1959. H.M.S.O. 1960. 5s. 6d. 


Interpreting Plant Data by Computers 


ODERN chemical plants are generally well instru- 
mented with controllers and recorders. At the recent 
International Instruments and Measurements Conference 
in Copenhagen, F. B. SHEPHERD of I.C.I. suggested that the 
charts from recorders usually get little careful study 
because of the lengthy calculations necessary to reduce the 
data contained in them to a comprehensible form. Mr. 
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Shepherd went on to describe the use of a digital electronic 
computer to calculate, from plant records, a complete 
heat and mass balance of a continuous process, This work 
was the precursor of a study to formulate and solve a 
mathematical model of the process, with a view to improv- 
ing the control, performance and throughput of the plant 
—largely by using apparently redundant data. 

In a hydrogenation process, re-circulated gas is mixed 
with make-up hydrogen before being introduced to the 
converter. The liquid feed is metered, and the flows and 
compositions of the make-up hydrogen, the mixed gas 
feed, the re-cycled gas and the off gas are recorded. Since 
the complete system can be determined by mass balance 
from the liquid feed, the make-up flow and composition 
and the re-circulation rate, four of the eight instruments 
employed are redundant. Inevitably, if the calculated 
values of the second four parameters are compared with 
the measured instrument readings, they will not be in 
agreement. Since the true flows can only be obtained from 
the indicated flows by correcting for composition, and 
the compositions themselves are not precisely known, little 
further use can be made of the redundant information 
apart from a very rough estimate of the order of magni- 
tude of the possible errors. With a digital computer, how- 
ever the powerful methods of numerical iterative pro- 
cedures can be used, There are eight equations for the in- 
dividual instrument errors. The problem is to minimise 
some function of the eight error terms, such as the 
weighted sum of squares of the errors. The procedure is 
to solve the four normal equations which are the partial 
differentials defining the rate of change of the error func- 
tion with each of the four independent variables. These 
four simultaneous non-linear normal equations can be 
solved by the Newton-Raphson method, modified by the 
addition of boundary rules. The 300,000 calculations re- 
quired take about one minute on a Ferranti Mercury com- 
puter. Heat balances can now be computed, and the best 
selection of data made to satisfy an overall heat and 
material balance. 


Ceramic-Metal Composites Available 
For Test 


HE unique combinations of properties and the new pos- 
sibilities of ceramic-metal composites have received 
increasing attention in recent years. Trial quantities are 
now being made available for test (by Enamelled Metal 
Products Corporation Ltd.) of a number of formulations 
developed in U.S.A. and registered under the name 
“Nucerite”. It is claimed that in one of its formulations, 
the new material has resisted attack by corrosive vapours 
at 1300°F. Other claims are high impact strength, tensile 
strength, resistance to thermal shock and to abrasion. Heat 
transfer was six to ten times better than that of “other 
ceramic materials that would be used in high temperature 
corrosive services.” The composition is chemically bonded 
to steel and to heat resistant metals such as Inconel and 
Hastelloy in the same way as glasses. It is thought probable 
that certain reactive metals, such as tantalum, niobium 
and molybdenum—which maintain strength at elevated 
temperatures—will also serve as base metals. The unique 
characteristics of “Nucerite” are attributed to closely con- 
trolled nucleation and crystallisation. Agents are used 
which act as centres of nucleation during a heat treating 
cycle after applying the ceramic components to the base 
metal. During the development period, heat exchanger tub- 
ing and a number of small reaction vessels have been 
coated and “satisfactorily tested” but no details have been 
issued. An extended evaluation period of selected field 
testing is now planned, to be followed by the establishment 
of production facilities. 
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New Regulations for Factory 
First-Aiders 


NDER a new Order* due to come into force on 
Ist July, 1961, “first-aiders” in factories with 
more than 50 workers will have to be registered 
nurses, enrolled assistant nurses or people holding a 
certificate of first-aid issued within the immediately 
preceding period of three years by a training organ- 
isation. Details of their names and qualifications and 
of the date on which evidence of their training was 
last inspected by the occupiers of the premises, will 
have to be entered into or attached to the general 
register maintained by the factory under the Fac- 
tories Acts. 

It may be recalled that under Section 45 of the 
Factories Act, 1937, first-aid boxes or cupboards 
should be maintained and readily accessible in all 
factories. Moreover, in any factory employing more 
than 50 persons, a person trained in first-aid treat- 
ment should be in charge of the first-aid arrange- 
ments and should always be readily available during 
working hours. 


* First-aid (Standard of Training) Order, 
H.M. Siationery Office, 3d. 


1960, S.I. 1960 No. 1612 











Re-Thinking Comminution 


T present all commercial crushing and grinding, and 
nearly all comminution laboratory testing, is accom- 
plished principally by converting mechanical energy into 
strain energy into heat. FRED C. Bonp has attempted a re- 
statement of the basic principles of comminution starting 
by considering the effiziency of this conversion in relation 
to the efficiency of particle size reduction. The amount of 
effective strain energy conversion is designated in his 
paper* as the “energy register.” As a first principle, Mr. 
BOND suggests that in analysing all comminution problems, 
this equation should be used: 
energy energy register energy register 
input of product ~ of feed 

This energy register is thus the amount of energy which 
has passed through the material as strain energy and regis- 
tered as particle size reduction. It does not correspond to 
energy content as usually understood. 

The second principle is that the total effective work in- 
put required to break a stated quantity of rock is regularly 
proportional to the total length of the crack tips formed, 
or the square root of the total surface area formed, from 
a theoretically infinite feed size. In practical grinding opera- 
tions the numerical difference between the specific work 
input required with a piece of rock feed weighing one ton 
and a piece of theoretically infinite size is insignificant. 
The second principle can accordingly be restated in these 
terms: the effective kilowatt-hours required to grind a ton 
of rock from one piece to any product size d is regularly 
proportional to 1/ \/d. 

Finally, the third principle of comminution theory deals 
with the flaws in individual particles. It is formulated in 
three linked clauses. (a) Flaws are present in all size ranges 
of crushed and ground products. (b) The weakest flaw in 
a particle determines its breaking strength and the num- 
ber and size of the product particles formed. (c) The 
weakest flaw in a particle does not determine the specific 
work input required to reduce it from a stated feed size 
to a stated product size. 

This is an interesting attempt to derive a relationship 
between the useful energy input and the product particle 
size from a given feed: for those working in this field it 
would be useful to read the author’s argument in full. 

* Mining Congress Journal August 1960. 
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Process Analyser 


APPLICATIONS 


* PERCENTAGE ANALYSIS of mixed hydrocarbons. 
* TRACE IMPURITIES in air, oxygen or industrial gases. 
* MONITORING OF CRITICAL COMPONENTS in a process stream. 


PYE FEATURES 


CONTINUOUS AUTOMATIC ANALYSIS requiring no supervision. 
ULTRA-HIGH SENSITIVITIES for analysis in p.p.m. range, 
CONVENTIONAL SENSITIVITIES for analysis in 9 range. 
VERSATILITY in a wide range of applications, 
COMPREHENSIVE ANALYSIS FOR LESS OUTLAY in comparison with other methods. 
AIR PURGED for use in hazardous locations. 
BRITISH DESIGN AND BRITISH MANUFACTURE THROUGHOUT. 


The Pye Process Analyser is an industrial version of the 
well-known Pye Argon Chromatograph. By utilising 
an argon ionisation detector instead of a katharometer 
or thermistors, it achieves an outstanding performance 
with high sensitivity and exceptional stability. Its com- 
paratively simple and robust design results in reliability, 
ease of operation and low overall cost. 

The instrument draws a sample from the process 
stream, analyses it and presents the results on a 
recorder. A versatile control system selects and attenu- 
ates a number of individual peaks or gives a complete 
chromatogram. 

The equipment, which is suitable for use in hazardous 
locations, is completely flexible in application. Facili- 
ties which may be supplied for individual installations 
include dual column analysis, multi-stream analysis, 
column switching, flow programming and others. 


....ON STREAM! 
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New Yeast Production Process 


RTHOPHOSPHORIC ACID—and no phosphate—is 
used as a source of P,O, in a new Czech process for 
manufacturing yeast*. The other raw materials are mol- 
asses and ammonia liquor for the preparation of broth. 
Only the calculated quantity of phosphoric acid is used. 
The broth produced is clear ; after dilution in the fermen- 
tor all impurities stay in solution and the cells are in a 
good physiological state. Full scale experiments have 
proved that the cost of raw material works out 20 
lower than in earlier processes in spite of the increased cost 
of P,O, from phosphoric acid as compared with that from 
superphosphate. This is because sulphuric acid is no longer 
required, ammonia liquor is cheaper than ammonium 
phosphate and losses of available P,O, for fermentation 
are very low. Other advantages are easier treatment of 
effluent, easier handling of raw materials (all are liquids), 
possibilities of full automation, lower steam usage in the 
continuous process and lower usage of anti-foaming fat. 
The yeast produced is said to be of fine colour, very active 
and has good keeping qualities. 
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Flow streams for continuous preparation of broth. 
|—dilution vessel for molasses, 2~pump, 3, 4—valves, 5—heat 
exchanger; 6-tube heater, 7, 8-thermometers, 9-air 
operated valve, operated by temperature controller, 10- 
steam trap, | |—centrifuge, |2-control panel, |3—measuring 
vessel for-acid, |4—water inlet, |5—molasses inlet, |6—steam 
injection, |17—pressure gauge. 

The equipment for continuous preparation of broth con- 
sists of a central vessel containing diluted molasses and 
phosphoric acid and a pump used for recirculation of the 
diluted molasses (and hence mixing) and for transfer into 
the process. The pumped diluted molasses to the process 
go through a heat exchanger countercurrent to hot molasses 
from a plate type steam heater. The cooled molasses pass 
through a centrifuge where the coagulated impurities are 
separated and into a storage vessel from where they are 
metered automatically into the fermentors. 


* Czechoslovak Patent PV 7505/59 discussed in Kvasny Prumysi 1960, vol. 6, 
No. 4, p. 81, by Josef Tomisek 


Natural Gas at Whitby 


OR Britain it is news that a town is to be supplied with 
gas drawn from a natural gasfield. Two wells near 
Whitby have proved to have sufficient reserves to justify 
installing plant to supply the town. From the well head the 
gas—mainly methane and having a C.V. of 1000 Btu per 
cu ft—flows to a separator to remove any free water 
then on to a horizontal natural-gas-fired water heater used 
to heat the gas. This is intended to overcome freezing con- 
ditions which could arise from adiabatic expansion of the 
gas forming ice and methane-hydrate which might clog the 
pressure reducing equipment. The tube bundles of the heater 
are arranged in two passes. In the first the gas is heated 
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to 150°F then cooled to approximately 70°F on being 
expanded from 1900 psi to 1000 psi. After passing through 
the second tube bundle the gas is re-heated to 150°F and 
subsequently cooled to 70°F expanding from 1000 psi to 
200 psi. To protect the transmission line, two safety valves 
have been incorporated in the surface plant—a safety 
shut-off valve set at 230 psi and a safety relief valve at 
260 psi. 

At the Whitby Gas Works, the gas passes through oxide 
purifiers then to a P.G. Hercules plant for reforming to 
hydrogen and carbon monoxide. It is enriched with meth- 
ane to a gas of 500 Btu per cu ft, specific gravity 0.54, which 
wholly replaces the previous town gas supply. As a stand 
by in case of temporary interruptions of flow of natural 
gas from the wells, there is equipment for reforming butane 
to gas of the same approximate composition. 


Fuel Economies in Chemical Factories 


N its attractively produced Sixth Progress Survey, the 

National Industrial Fuel Efficiency Service reports on 
results of 169 surveys in chemical factories consuming 
over 800,000 tons of coal per annum. Among the examples 
given are these: 

* From a pot fusion process, gases leaving an oil-fired 
furnace at about 1100°C. were led into an adjacent 
pneumatic drier, which had previously been directly 
fired. The savings amounted to nearly £1000 a year. 


*JTurbo-blowers and air compressors are often found 
to be working inefficiently because silencers or filters 
for the intake air are of the wrong size—or the filters 
have become choked. In one works, the pressure drop 
was reduced by 10 in. w.g. by fitting new silencers, and 
over £2000 per annum was saved. 


x A single-effect evaporator was found to be using over 
14 lb. of steam to evaporate | Ib. of water. Installing 
a thermo-compressor unit halved the steam consump- 
tion, saving £200 a year for an expenditure of less 
than £100. 


* Cooling water at 188°F. previously run to waste from 
the condenser on a still, was supplied for use as hot 
boiler feed saving £950 a year. 

* Typical savings on covering storage tanks containing 
heated liquids were £200 a year by fitting a wooden 
cover to an outdoor tank in a chalk hydration pro- 
cess; over £3000 a year by insulating large tanks for 
storing hot water. 


Overall, the heat economies averaged 15.2 in boiler 


plants, 24.3°/, on process plants. 


Measuring Dust Emission from 
Steelmaking 


N boiler house practice it has been found possible to 
monitor suspended matter in the flue gas by continu- 
ously measuring the optical density. D. H. Curistie and 
his colleagues of the United Steel Companies have confirmed 
that similar methods of control are practicable for the fine 
fumes from new steelmaking processes. The monitoring of 
these emissions is necessary for the design of fine fume 
cleaners. The new problems arise principally from the use 
of oxygen, for example, in the desiliconising of pig iron, 
in oxygen blown steelmaking processes—such as open 
hearth and electric arc—and for the deseaming of ingots. 
These processes yield large volumes of fine dust, mainly 
iron oxide. Because of its sub-micron size this is far more 
difficult to deal with than smoke from the combustion of 
fuel. Depending on the concentration, the effluent velocity 
and local atmospheric conditions, the fume emerges from 
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THE PROBLEM OF CORROSIVE VAPOURS 


~ DELANIUM 


The condensation of corrosive vapours poses special 
problems for designers of equipment used in the 
Chemical and Allied Industries. 


THE PD GRAPHITE CARTRIDGE CONDENSER 


provides a solution that functions perfectly in the presence 

of most acid and solvent vapours up to a maximum 

graphite temperature of 180°C. 

Protection for the steel cartridge is provided internally against 
corrosive service fluids and externally against corrosive atmospheres. 


(T) 


5 DUPPRYN Leaflet Cr1/59 gives full technical details. 


& 9 


10 models from 

4 to 500 sq. ft. H.T.A. 
20 sq. ft. cartridge 
size 8” dia. x 4 ft. long 


evr POWELL DUFFRYN CARBON PRODUCTS LIMITED 


VEMBER OF Trt 
POWELL DUFFRYN 
GROU 


cal CHEMICAL ENGINEERING DESIGN, FABRICATION, INSTALLATION AND COMMISSIONING 
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plant stacks as a brown or deep red plume. The obscura- 
tion of light by a cloud of fine material is much greater 
than that for a similar mass of coarse dust, and this often 
gives an exaggerated impression of the mass of effluent 
material. 

In a paper to the Clear Air Conference at Harrogate, 
Mr. CHRISTIE presented results obtained at a sampling 
point 50 feet up a 170 foot stack. To produce a criterion 
independent of local conditions the chimney diameter and 
gas temperature were eliminated from the results which 
were replotted as optical density per foot at 0°C versus 
dust loading per cu ft of gas at N.T.P. On this basis the 
optical density proved to be approximately proportional 
to the dust loading. Consequently for normal practice with 
either the electric arc or open hearth furnace it is possible 
to estimate the dust concentration in the waste gas from 
measurements of optical obscuration. Relationships for 
two furnaces examined were similar, but there were slight 
differences in the slopes of the characteristic lines. These 
variations were thought to be due to different size distribu- 
tions. Experiments have now been planned to examine the 
specific effect of particle size distribution on optical 
density. 


Sources of Error in Venturimeters 


N our leader column we refer briefly to the final satis- 
factory results of a joint study on four classical 
venturimeters by Dr. E. A. SpeNcER of the National 
Engineering Laboratory and Mr. Guy THIBESSARD of the 
General Hydraulics Laboratory, University of Liége. But 
these results followed a set of earlier ones which empha- 
sised the importance of a number of factors generally 
applicable to the calibration of flowmeters. Each of the 
two collaborating laboratories had two meters suitable for 
installation in a 100 mm diameter pipe line, the area ratios 
of the meters being 0.25 and 0.5. Using cold water a large 
discrepancy was found in the initial results of the Liége 
and N.E.L. tests on the 0.5 Liége meter attributed mainly 
to the difference in the internal surface condition of the 
meter in the two tests. Generally it was notable that the 
difference caused by the roughening of the meter became 
less as the Reynolds number decreased and, below about 
200,000, the roughening caused by the build-up of deposit 
left the discharge coefficient unaffected. After detailed dis- 
cussion the authors comment that the effects on dimensions 
of the fouling meters during use undoubtedly deserves a 
more thorough investigation since normally the flow-rate 
calculations will be based on the original clean dimensions. 
If, however, a quantitative correlation between roughness 
height or type of deposit and the discharge coefficient 
change could be found, the effect of change of diameter 
and that caused by friction losses could be deduced. 
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Chemical Engineers Can Help Plan a 
Syllabus 


UNIQUE approach has been adopted by Pro- 

fessor EDGEWORTH JOHNSTONE—Who has re- 
cently taken up his post at Nottingham University— 
in preparing his course. In order to find out how 
frequently the various academic subjects are used in 
day-to-day practice he has issued to all members of 
the Institution of Chemical Engineers a questionnaire. 
This lists 24 sciences and techniques which could be 
taught at a University. Members are asked to mark 
any used during the previous five working days. Pro- 
vided that sufficient replies are received, Professor 
Johnstone hopes to obtain an estimate of the relative 
utility of each subject from the frequency of its use 
during the week. The information will be used to 
help him in planning his syllabus. 

What engineers actually do is of course not neces- 
sarily what they ought to do for the most economic 
results. Nevertheless it will be a major contribution 
to the development of the subject to find out what 
branches of knowledge are currently applied and we 
should not be surprised if this initiative does not 
soon have the compliment of being copied by other 
teachers or learned bodies. 











There was another important aspect. The meters manu- 
factured and used for these tests were to a more rigid 
specification than normal but, even so, some deviations in 
profile were subsequently found. The parallel portions had 
very slight tapers, and though it can be assumed that these 
will always be within the specifications laid down in the 
National Codes, it is desirable that the positions of the 
control diameters should be specified. As a result of the 
present series of tests the authors suggest that the control 
diameters should be standardised to be those at the planes 
of the pressure tappings and not averages of the whole 
section. Furthermore the upstream, convergent and throat 
sections should be manufactured as one unit and the 
upstream section made at least one pipe diameter long to 
avoid any local disturbances from irregularities in match- 
ing pipe to meter. One can appreciate the final comment 
that the exchanges of equipment between N.E.L. and the 
University of Liége had been “productive of much more 
than a simple duplication of test results.” 


Welding in the Soviet Union 


FTER a recent visit to the Soviet Union a group of 
British welding experts concluded that the Russians 
have a clearer realisation of the key role played by weld- 
ing than we have. There were some outstanding achieve- 
ments, but there are also certain spheres where work is 
not as far advanced as in this country. Welding of alumin- 
ium alloys by the inert gas metal arc welding process 
appears to be further advanced in this country than in the 
Soviet Union. On the other hand the emphasis there on 
submerged arc welding has led to the development of 
methods and suitable fluxes for the welding of aluminium 
alloys, titanium alloys, and of copper. The joints appear 
to be of good quality and are claimed to have properties 
not very inferior to those of the parent material. 

The group of four senior members of the staff of British 
Welding Research Association led by Dr. R. Weck, Direc- 
tor, visited the five Institutes which between them are res- 
ponsible for about half the papers published in the Russian 
welding journals. They also went to the Welding Exhibition 
in Moscow within the permanent Exhibition of the 
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kanigen ote 


non-porous corrosion-resistant 
plate, gives complete uniform 
coverage even to the 
most intricately 


shaped parts. 


to fine limits. Being chemically 


deposited Kanigen can 


also be applied to 
non-conductors 


such as plastics and ceramics. 


Approved under DTD 900/4505 and ARB A1/5112/57. Already widely used 
throughout industry including aircraft and nuclear applications. Kanigen 
is the registered trade mark of Albright & Wilson (Mfg) Ltd. 


For full information write to: 


ALBRIGHT & WILSON (MFG) LTD 


Kanigen Department (BCE) 
1 KNIGHTSBRIDGE GREEN - LONDON SW1- TEL KENSINGTON 3422 


November, 1960 





Economic Achievements of the National Economy. The 
group had no opportunity of judging trends in pressure 
vessel design and thought it a weakness that there appeared 
to be no attention to codes and design. This issue would 
apparently only arise there if the Government standards 
organisation asked for this type of work. 

It may be noted that the Association in collaboration 
with the Institution of Mechanical Engineers is to organise 
a Symposium on “Pressure Vessel Research towards 
Better Design” in London on 18th January, 1961. About 
twelve papers covering research and design will be dis- 
cussed during the one-day meeting. Papers will include 
comparisons of continental and British practices and of 
design codes. 


Measuring Power Requirements for 
Mixing 

HE direct method of determining power used in mixing 

is to measure the requirements of the motor driving 

the mixer shaft on- and off-load and finding the difference. 
However, high accuracy cannot be obtained by this 
means, especially in the case of 3-phase motors and con- 
sequently forms of indirect measurement have been 
devised employing torque and calorimetric measurements. 
For the former a number of types of dynamometer has 
been developed. Primary torque may be measured by 
attaching one dynamometer disc to the driving part of a 
mixer shaft and the other to the driven part, the two being 
connected By springs. The lower disc changes position 
relative to the upper during the starting period; when 
equilibrium is established, both discs rotate together. The 
measurement of the torsion angle between the discs in 
rotation is the chief difficulty in measuring primary torque. 
It can be achieved optically by means of a stroboscope, or 
electrically through a valve rheostat mounted between the 
dynamometer discs. 

In a recent paper* HENRY BLASINSKI of the Department 
of Apparatus for the Chemical Industry of Lédz Poly- 
technic has introduced two modifications of this method. 
One depends on measuring voltage or current density of 
an induction current produced in secondary windings 
between the dynamometer discs in the field of a primary 
winding fed by a.c. Expressions have then been derived 
for calculating the torque. A second modification, 
claimed to increase accuracy is based on the principle of 
making the torque of the mixer a function of the fre- 
quency of the generator. In this case the measuring 
system consists of a movable and an immovable part. The 
first comprises a modulated generator with feed, a variable 
capacitor and an aerial. The second consists of a receiver, 
a feed and an aerial. The two parts have no mechanical 
interconnection. The frequency of the generator is 
changed by means of a variable capacitor. 


* Przemys! Chemiczny 1960 Vol. 39 No. 7, p.414 


Are Safety Posters Any Use? 


FTER examining the results of a pilot experiment Mr. 
R. H. Cottcutrr, Head of Operational Research at 
B.1I.S.R.A.* has concluded that posters can be an effective 


tool of accident prevention. The experiments with new 
specially designed safety posters were carried out in seven 
works split into two groups of three with the remaining 
works as a control. In the first group of three all three 
posters went up together ; in the second group each of the 
three posters went up in turn at fortnightly intervals. There 
were no posters in the control works. The issue chosen 
was that of persuading workers to hook the slings on 
cranes. To give a base line there was a count of how many 
slings were hooked back, and of how many were left 
swinging, for five weeks before the posters were put up. 
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In the outcome more slings were correctly hooked in 
all experimental works; in three works the percentage in- 
crease was round about 10%. In the control works, on the 
other hand, there was actually a small drop during this 
time. Furthermore results proved to be lasting. Far from 
the poster effect wearing off there was actually a further 
upward swing in all works bar one after the end of the 
initial trial period. The average further improvement was 
4.5°,. Details of this valuable research with its pointers for 
several industries are in B.I.S.R.A. Report OR/HF/ 15/60 
“An Experiment on the Effect of Specially Designed Safety 
Posters”, and a popular account has appeared in “Safety” 
No. 10, published by the British Iron and Steel Federation. 


* British Iron and Steel Research Association. 
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The Institution of Chemical Engineers 
October 28. South Wales and Monmouthshire Group with the 
Society of Chemical Industry. At University College, 
Cardiff. *“*The Calculation of Reactor Volume from Labora- 
tory Kinetic Data,” by R. F. Strickland-Constable. 7 p.m. 


November 1. North Western Branch. At The Blossoms 
Hotel, Chester. “Prediction of Ternary Data from Binary 
Systems,” by E. Evans. 7.30 p.m. 


November 3. Graduates and Students Section, Manchester 
Centre. At Manchester College of Technology. ‘Packed 
Columns,” by P. J. King. 7 p.m. 


November 8. At Geological Society, London, W.1. “The 
Dynamic Response of a Distillation Column to Changes in 
the Reflux and Vapour Flow Rates,” by W. D. Armstrong 
and R. M. Wood. “An Introduction to the Theoretical 
Evaluation of the Frequency Response of a Distillation 
Column to a Change of Reflux Flow Rate,” by 
W. D. Armstrong and R. M. Wood. 5.30 p.m. Tea 5 p.m. 


November 9. Graduates and Students Section, Midlands 
Centre, Department of Chemical Engineering. At the 
University, Birmingham 15. ‘Development of the Tonnage 
Oxygen Process,”” by W. F. Castle. 7 p.m. 


November 16. North Western Branch. At the Houldsworth 
School of Applied Science, Leeds 2. ‘Electrical Hazards in 
the Chemical Industry,” by F. Clark. 6.30 p.m. 


November 22. North Western Branch. At Chemical 
Engineering Lecture Theatre, Manchester College of Science 
and Technology. “‘New Developments in the Bulk Supply 
of Chemical Reagents.”” 3.30 p.m. 


The Institution of Mechanical Engineers 
November 9/10. Symposium on the Use of Secondary 
Surfaces for Heat Transfer with Clean Gases. Linked with 
the A.S.M.E.-I.Mech.E. International Heat Transfer Con- 
ference to be held in 1961-62. November 9. Cross Flow. 
2.30 p.m. November 10. Fuel Elements. 10 a.m. 


Society of Chemical Industry 
November 7. London Section. At 14 Belgrave Square, 
London, S.W.1. “The Future of Chemicals from Coal,” by 
Dr. W. Idris Jones. 6.30 p.m. 
November 8. Chemical Engineering Group. At 14 Belgrave 
Square, London, S.W.1. “‘Manufacture of SO; and Strong 
Oleum,” by J. C. MacFarlane. 6 p.m. 


Special Course 
November 9, 16 and 23. At University of London King’s 
College. Public Lectures on Vibration Mills and Vibration 
Milling, by Dr. H. E. Rose. 5.30 p.m. 
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EXPANSION PROGRAMME FOR UNIVERSITY COLLEGE 
OF SWANSEA 


TJ.‘ HIS year marks the opening of a decade of dramatic 

change for the University College of Swansea for the 
Governors of the College have embarked upon a bold and 
imaginative development programme which will cost 
£11 million in buildings alone. As things stand at present, 
though the competition for places in the University 
College is reassuring, there are not nearly enough places 
to satisfy the demand, which is growing yearly. This, and 
national requirements, underlie the decision of the College 
Council to double the size of the College during the next 
ten years, a measure which is expected will lead to the 
accommodation of nearly 3000 students. 

Something like two-thirds of this number will be study- 
ing either pure or applied Science, and the proportions of 
each will be about equal. The remaining students will be 
studying Arts subjects, and the courses will include social 
studies, such as History, Economics, Political Theory and 
Government. In pure Science there are two main groups 
of study; Mathematics and the Fundamental Sciences of 
Physics and Chemistry. In addition there are the Natural 
Sciences of Botany, Geography, Geology and Zoology. 

In the Applied Science group there are at present three 
departments; Metallurgy, Engineering and Chemical 
Engineering and all three departments will extend consider- 
ably. Metallurgy is of special importance to the region, 
and this was one of the pioneering departments in the 
College. It provides, at an advanced level, good facilities 
for studying fabrication metallurgy ; and current research 
ranges from the deformation and corrosion of metals to 
the properties of slags and refractories. 

The Engineering Department, greatly expanded in recent 
years, represents the Civil, Mechanical and Electrical 
branches of the science, each with a professor at its head. 

Research in Mechanical Engineering includes work on 


“\ 


problems of heat transfer, which may lead to the develop- 
ment of new types of compact heat exchanger, on prob- 
lems of metal fatigue, and on the development of auto- 
mobile transmission systems, 

The Department of Chemical Engineering, opened in 
1955 and now admitting 30 students each year, has already 
established research in the flow of non-Newtonian fluids, 
mass transfer and the control of distillation columns. A 
notable feature of the honours school is the generous pro- 
vision by industry of facilities for practical training. 

The University is guided by the precept that its success 
is to be judged not only by the men and women it sends 
out into the world but by the extent and excellence of its 
research, for without this vital stimulus the quality of 
teaching is likely to be impaired. 

Needless to say, this extensive programme of expansion 
requires money. Already the Treasury (through the Uni- 
versity Grants Committee) has sanctioned very large sums 
—between four and five million pounds—for building and 
equipment in the years 1957-63. But the College Council 
has very heavy financial obligations, and the College itself 
is expected to make a substantial contribution—at least 
£500,000—both to current building and to further expendi- 
ture that will be needed to complete its programme after 
1963. 

So far, gifts amounting to £200,000 have been given 
including large sums from such companies as The Steel 
Company of Wales Ltd., BP Refinery (Llandarcy) Ltd., 
British Nylon Spinners Ltd., Mond Nickel Co. Ltd. and 
Imperial Chemical Industries Ltd. 

It is to be hoped that through the generosity of industry 
and commerce and the loyal support of former students, as 
well as those closely associated with the work of the Uni- 
versity, that the balance will be quickly contributed. 
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MIDLAND SILICONES LTD., 


extended the Develop- 


having recently 
Barry, Glamorgan, 


ment Department at 
require a 
CHEMIST 


or 
CHEMICAL ENGINEER 


previously qualified in Chemistry. 


Applications are invited from graduates in 
Chemistry, preferably with a diploma in 
Chemical Engineering, for work in process 
development, Two years experience would 
be desirable but not essential, Age 23-27. 


The Company whose works and technical 
departments are situated in a pleasant 
listrict offers work of great interest, and 
there are good prospects of advancement. 








Apply, quoting Ref. No. 36, to 
Staff Officer, 
Albright & Wilson Ltd., 
Knightsbridge Green, London, S.W.1. 
Midland Silicones Ltd., is in the Albright 
& Wilson Group of Companies ) 


Initial applications should be addressed to Saward Baker & Co. Ltd., 
27, Chancery Lane, London, W.C.2. 
top left hand corner. 


Chemist or Chemical Engineer 


required for an American company, manufacturing synthetic resins, 
formalin and methanol, to be responsible to the Works Manager 
for production, control of quality, plant and equipment. 

Salary: £3,000 - £3,500 p.a., paid in U.S. dollars. 

All travelling expenses paid, car provided, three year contract with 
three months home leave every three years in addition to local 
annual leave. 


Mark envelopes ‘BRAZIL’ in 
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FISONS 


offer opportunities for 
CHEMICAL ENGINEERS 


FISONS FERTILIZERS LIMITED is one of the largest manufacturers 
of fertilizers in the United Kingdom and have been pioneers and leaders 
in the fertilizer industry for more than one hundred years. 

The Company is expanding both at home and overseas and promising 
openings are available for CHEMICAL ENGINEERS with the right experi- 
ence and qualifications. 


THE APPOINTMENTS 

The vacancies occur in the Production Department of our Head Office 
in Felixstowe. The work will be concerned with problems relating to the 
economic development of the Company’s manufacturing facilities through- 
out the world, The responsibilities will include technical and economic 
evaluation of new processes; preparation of Process Design Specifications 
and supervision over the commissioning of new installations wherever these 
occur. 


THE QUALIFICATIONS 

Familiarity with this type of work is important together with a good 
Honours Degree in Chemical Engineering and Associate Membership of 
the Institution. Candidates in the age group 25 to 30 years will be pre- 
ferred but experience of the right type is the ‘first. consideration. 


THE FUTURE 

The appointments offer interesting work, in congenial surroundings, good 
starting salaries, and scope for advancement in a well established and 
expanding British Company. 

If this interests you, please send brief personal particulars to Personnel 
Manager (KS 58), Fisons Fertilizers Limited. Harvest House, Felixstowe. 
Suffolk. 








“Enthusiastic young man required for interesting work in Design Depart- 
ment. Applicants should hold a qualification in Chemical Engineering or have 
some years experience in the Chemical Industry on Process design. The 
salary will be commensurate with age. qualifications and experience. The 
Company’s policy is one of continuous expansion and adequate opportuni- 
ties exist for advancement. The successful applicant will be expected to 
join the Company's Pension and Life Insurance Scheme. Applications, 
giving fullest details, to Chief Design Engineer. Q.V.F. Ltd.. Duke Street. 
Fenton, Stoke-on-Trent.” 








Pipework Cost Estimating. 


Applicants must have considerable estimat- 
ing experience. 
manent and pensionable and offer great 
opportunities for advancement 


5 day week. Hours 9-5 








CHEMICAL ENGINEERING DIVISION 
THE A.P.V. COMPANY LIMITED, 


ESTIMATING MANOR ROYAL, CRAWLEY, SUSSEX 
ENGINEERS “Project Estimating Engineer wanted at 


once to assist in preparation of tenders for 
contracts in petroleum, chemical, carbonisa- 
tion and general process engineering ficids. 
Experience in general contracting; heating 
and ventilation; steam boilers or any one 
of the above is required. Age 25-40 pre- 
ferred. Permanent position offering inter- 
esting work in a lively and expanding 
organisation. Good salary commensurate 
with experience and qualifications, generous 
holidays. Pleasant modern office, no travel 
Please apply : — crushes, five day week, pension scheme, 
restaurant facilities, sports and social club. 
Rented housing accommodation may be 
available if required. 

Application to General Manager, Chemical 
Engineering Division.” 


required by a rapidly expanding Chemical 
Engineering Firm for Process Plant and 


These positions are per- 


Personnel Manager, 
AIR PRODUCTS (G8) LTD., 
49/50, Poland Street, 
London, W.1. 














Bradford Institute of 
Technology 


Head of Department of Chemical 
Engineering 


Applicants are invited for the Headship of the 
Department of Chemical Engineering which is to 
be created in the near future. 


The Department organises full-time courses for 
the Diploma in Technology, the B.Sc, (London) 
degree and qualifications of the Institution o! 
Chemical Engineers. Research is being developed in 
collaboration with industry. Plans have been 
approved for a separate new building for Chemica! 
Engineering which will provide excellent facilities 
for the extension of teaching and experimenta 
work. 

Applicants should be well qualified Chemical 
Engineers with responsible industrial experience 
including that of original design. It would be use- 
ful to have previous teaching and/or research 
experience relevant to the development of under 
graduate and post-graduate work in collaboration 
with industry. 

The starting salary will accord with the quali- 
fications and experience of the candidate and will 
be within the range of Grade V or Grade VI of 
the Burnham Report, i.e. between £2,100-£2,500 
Per annum. 


The appointed Head will be permitted to under- 
take consultant work. 


Further particulars and forms of application may 
be obtained from the Registrar, Bradford Institute 
of Technology, Bradford, 7. 

HENRY PATTEN 
Clerk to the Governors 





“Expanding engineering group 
with offices in London wish to 
appoint Sales Managers for their 
newly created Process Plant Divi- 
sions. Candidates should have a 
good chemical engineering back- 
ground and sales records, with 
knowledge and contacts in one of 
the following industries: Petroleum. 
Heavy Chemicals, Light Chemicals, 
or Food, High basic salary, bonus. 
superannuation scheme, car. Full 
support from sales-minded manage- 
ment and most modern factories.” 
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TECHNICAL SALES ENGINEER required for 
position in London by Chemical Engineering Com- 
pany. The qualifications required are age about 25, 
engineering training up to B.Sc. standard or equiva- 
lent and good knowledge of physics. Some knowledge 
of chemistry and some experience in Chemical 
Engineering desirable but not essential. An under- 
standing of general office procedure would be 
advantageous. This situation offers scope for travel 
and the handling of business in a varied field: also 
excellent opportunities for a man having these 
qualifications together with a keen business outlook 
Write giving full particulars including age, qualifi- 
cations and salary required to Box No. B.C.E. %6 


REPRESENTATIVES 


WANTED. Representative for correspondence 
abroad. high carnings. instructions in writing. 
Write Fortuna Publishing Co., Vienna 1/8, Post- 
fach 49. 


British Chemical Engineering 





TUITION 


A.M.I.CHEM.E. More than one-third of the 
successful candidates since 1944 have been trained 
by T.1.G.B. All seeking quick promotion in the 
Chemical and Allied Industries should send for 
the T.1.G.B. Prospectus. 100 pages of expert 
advice, details of Guaranteed Home Study Courses 
for A.M.1.Chem.E.. B.Sc.Eng., A.M.I.Mech.E., 
A.M.1.Prod.E.. C. and G., etc., a wide range of 
Diploma Courses in most branches of Engineering. 
Send for your copy today—FREF T.I.G.B. (Dept. 
43), 29 Wright's Lane. London, W.8 


FOR SALE 


LOCOMOTIVE. PLANET 70 h.p. Diesel Shunt- 
ing. 4ft. 8tin. gauge, approx. 20 years old. 
Overhauled 1958, regularly maintained. Good 
working order, any trial. Inspection London area. 
Low price for quick sale. Box B.C.E. 94. 








SELL US YOUR 
SURPLUS 
STAINLESS STEEL 


SHEETS - PLATES - BARS ~- TUBES 
SECTIONS - STRIPS - BLANKS - OFFCUTS 


* top prices paid 
* offers by return or our 
buyer will call 
* prompt collection and 
payment 
STAINLESS 
RECOVERIES LTD 


Dover Road - Trading Estate - Slough - Bucks 
Telephone : Slough 24622 








CLASSIFIED 
ADVERTISEMENTS 


for the next issue can 
be accepted up to the 
first post on 


13th November, 1960 
ISSUE PUBLISHED 
18th November, 1960 











WE OFFER YOU... 


the most selective professional appointment service of its kind. 


In view of the present heavy demand in the chemical 


industry for personnel of all kinds, a particularly attractive feature of BRITISH CHEMICAL ENGINEERING 


is our “‘Professional Appointments Service.” 


We solve your staff problems ! Complete the order form below and mail today. 


| To: The Classified Advertisement Manager, BRITISH CHEMICAL ENGINEERING, Drury House, Russell Street, 


London, W.C.2. Temple Bar 3422. 


Please insert our advertisement as under for the next . issue(s). Display Panel. 


| Cross out words not required. 
l NAME 


ADDRESS 


any advertisement. 


Plain Type. Heavy Type. 


All copy for advertisements is subject to the approval of the publishers, who also reserve the right to decline or cancel 





COPY (To avoid errors please use block letters). 
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Measuring Flow 


F an engineer engaged in processing is called upon to 

measure flow in a closed pipe, his most likely solution 
will be an application of the well-tried orifice meter, pre- 
ferably with a differential-pressure cell. For special cases a 
Venturi type of meter—or one of its developments—might 
be applied, sometimes a rotameter device and for large gas 
flows possibly a positive or semi-positive meter. 

Yet there is now available a wide range of instruments 
and methods—some of general utility, others of rather 
specialised application. A valuable survey of this ground 
has recently been made as a result of the initiative of the 
National Engineering Laboratory at East Kilbride (near 
Glasgow) in organising a symposium where they were able 
to muster 29 papers from leading workers in flow measure- 
ment, drawn from eight countries. Total attendance was 160, 
and roughly a quarter of the number registered came from 
16 countries overseas. Subject-matter branched out from the 
familiar methods to the less familiar, from the kinds of pip- 
ing familiar to chemical engineers to those handling the 
flow rates involved in rivers. 

The National Engineering Laboratory itself was much 
more than a formal host on this occasion, for its workers 
have made major contributions to flow measurement and 
the proceedings actually opened with an N.E.L. film. The 
laboratory is excellently equipped with accurate flow devices 
designed and constructed from its own resources. Further- 
more, it has now built up a stock of experience and of 
trained personnel which give it international standing in 
the subject. It should also be noted in passing that, during 
1959, no fewer than a hundred tests were carried out for 
industry and government in the field of calibrating venturi- 
meters, orifice plates and turbine-type flowmeters or deter- 
mining head loss characteristics of valves, In the course of 
this calibration work a new method of computing flowmeter 
test results was developed; tables of correction factors were 
prepared which allow routine computations to be carried 
out with a considerable saving in time. It is our impres- 
sion that industry is insufficiently aware of these services. 

In the formal proceedings of this Symposium the labora- 
tory supplied the rapporteurs at several sessions and two 
papers, both collaborative efforts with other organisations. 
One of these—based on work by Dr. E. A. SPENCER of 
N.E.L. and M. Guy TurpessarpD of Liége University—was 
a comparative study of four classical venturimeters. A high 
level of agreement between the results from the two cold 
water calibration systems was obtained after the initial 
Stages. The second paper was devoted to assessing the value 
of the isotope dilution method—an analogue of the classical 
salt dilution techniques which have had considerable atten- 
tion at East Kilbride. In this contribution C. G. CLayTon, 
ANNE M. BALL, W. E. Criark (of the U.K.A.E.A. Wantage 
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Laboratory) and Dr. E. A. SPENCER described how they 
compared their results against an absolute standard—an 
accurately calibrated system based on weighing the water 
flow. With turbulent flow in a 20 in. diameter pipe at flow 
rates up to 20 cu secs the means of measurements made 
at sampling positions 110 diameters and 220 diameters 
away from the injection point showed a deviation of less 
than 1 per cent from the absolute value. They concluded 
that large water flow rates can conveniently be measured 
using radioactive isotopes. Answering one obvious objec- 
tion, it was pointed out that, if elementary rules are fol- 
lowed, radiation hazard is reduced to negligible proportions. 

Increasing interest in the Gibson method was reflected in 
a section devoted to this technique in which a change of 
momentum is equated to the impulse given by a turbine 
gate and stop valve during a controlled reduction in flow. 
Professor KURT ALMING, of Trondheim, Norway, reported 
that until recently current meters were most commonly used 
in that country for flow measurement in closed conduits. 
However, as part of the new developments in the layout of 
modern power plants, the Gibson method has received 
detailed attention. 

Papers dealing with techniques that could not be classified 
together under any one unifying theme were presented at 
one session under the anonymous title “Special Methods”. 
The mass flowmeter (discussed by P. ScaNes of George 
Kent Ltd.) has the advantage of eliminating the need for 
separate density measurement and subsequent computing. 
Two systems have emerged, One provides a differential 
pressure and the other a mechanical force or torque propor- 
tional to the mass flow rate. At this session, F. E. Fisn- 
BACHER (of British Scientific Instruments Research Associa- 
tion) gave the results of tests on the ultrasonic flowmeter, 
based on the phase difference between ultrasonic signals 
transmitted with and against the flow. This showed repeat- 
ability with a standard deviation well below 1 per cent of 
full scale readings. Rounding off the group were papers 
from H. Genre of Germany and J. M. A. Smits of Nether- 
lands, who collaborated in studying a turbine-type gas 
flowmeter developed by the first author, and a final one on 
the magnetic flowmeter. The latter device can be used to 
measure the volume flow of a wide range of liquids having 
a certain minimum conductivity. B. W. BALLs and K. J. 
BRowN of Foxboro-Yoxall Ltd. set out examples of its ap- 
plications—particularly for fluids bearing fibres and solid 
particles—and some of the restrictions on its use. 

Though many of the papers will have more relevance to 
the hydraulics man, chemical engineers have ample cause 
to congratulate N.E.L. on this venture with its pointers to 
several possible new instruments to take into account in 
future plant designs. 
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Fig. 1. Order of magnitude of fluidised-bed heat trans- 
fer coefficients and comparison with fixed-bed data. 
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Fig. 2. Typical radial temperature profile in annular 
space; data of Baerg et al. 





SOME CONSIDERATIONS OF DENSE-PHASE 
FLUIDISED-BED CORRELATIONS 


N the preceding paper attention was given to correla- 
tions that pertain to the mechanics of the dense-phase 
fluidised bed. In this paper heat transfer and mass transfer 
will be discussed. 
When considering dense-phase fluidised-bed heat transfer, 
we are concerned with: 
(1) heat exchange between bed and an exterior heat 
transfer surface; 
(2) heat exchange between bed and an interior heat 
transfer element; and 
(3) heat exchange between particles and the ambient fluid. 
Obviously, when considering mass transfer we shall only 
regard exchange of mass between the particles and the 
ambient fluid. 


Heat Exchange between Bed and Exterior Surface 

This case represents by far the simplest situation. As 
a consequence, the data have yielded quite readily to a 
general treatment. This is so because for the equipment in 
question there are no internal elements and hence the 
solids flow pattern, which is known to affect temperature 
distribution in the bed, is not specifically influenced. This, 
however, does not preclude the possibility that through 
faulty placement of thermocouples and other probing 
equipment the flow pattern might in some instances have 
been affected, thus leading to data difficult to correlate. 

To begin with, a brief discussion of order of magnitude 
will be instructive. Fig. 1 reports some typical fluidised-bed 
data as well as non-fluidisation data for the same flow range 
and bed. This latter condition may either be brought about 
by artificially restricting the top of the bed, or, simpler 
still, the gas may be passed downward instead of upward. 
It appears that for the region of incipient fluidisation the 
coefficients are essentially fixed-bed coefficients. As mass 
velocity is however increased the coefficients increase at a 
very rapid rate. At higher flow rates the rate of increase 
lessens, a condition which leads to a heat transfer maxi- 
mum. At the mass velocity sufficient to create this maximum 
the fluidised-bed data are roughly 10-12 times those of 
the fixed bed. Without exception, and regardless of whether 
exterior or interior heat transfer is involved, it has been 
found that all data show these characteristics. The maxi- 
mum heat transfer coefficient may occur at a considerable 
range of mass velocities, depending, of course, on specific 
characteristics. In all cases do the coefficients show the 
marked discontinuity and increase as the bed begins to stir 





* Consulting Chemical Engineer, Leva Engineering Research Laboratory, 
808 Beaver Avenue, Pittsburgh, 33, Pennsylvania. 
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initially, in due course of fluidisation. This has been par- 
ticularly well described by Baerg and co-workers.’ In 
fact, these researchers suggested that the discontinuity of 
the heat transfer coefficients to ascertain the onset of 
fluidisation be used. 

One could hardly wish for more significant characteristics 
to point to a heat transfer mechanism than are given by 
these fluidised-bed data. Hence it was quite logical to assume 
that the movement of the particles will tend to disrupt a 
film between the bed and the inside wall. By virtue of 
this disruption, the resistance to heat flow will then be 
lessened. This will lead to increased coefficients. The 
increase will be especially significant if the resistance offered 
by the film is the main resistance. Possible mechanisms 
along this line have been discussed in detail elsewhere,® ™ 
and let it suffice to say that actual top-to-bottom mixing 
studies have indicated that the velocity of particles, moving 
en masse, permits the correlation of these types of data.” 

Despite this obvious film effect, the extent of the lateral 
as well as vertical solids mixing in the vessel must be 
appreciated. That these agencies are significant is indicated 
by the unusual flatness of the temperature profiles in well- 
fluidised beds. Shown in Fig. 2 is a typical radial tempera- 
ture profile: The steep drop near the heated wall is an 
indication of the film resistance already mentioned. The 
central flat portion of the data emphasises the excellent 
radial mixing that must prevail. 

A vertical temperature profile is shown in Fig. 3.” Heat 
is being added to a bed through a surrounding steam jacket. 
The rapid temperature rise for the first few inches of the 
bed may, of course, be due in some part to an end effect; 
however, the main reason for the rapid rise in temperature 
is the considerable heat transfer coefficient and the appre- 
ciable top-bottom mixing that must prevail. This vertical 
mixing in the main section of the bed is also supported by 
the relatively flat profile, once the lower bed section has 
been passed. 

An understanding of the nature of this vertical tempera- 
ture profile is of fundamental importance as far as evalua- 
tion of heat transfer coefficients is concerned. In fact, it 
may be stated that a study of heat transfer between a 
fluidising bed and a heat transfer surface involves merely 
the establishment of these gradients. Thus if temperatures 
were only measured at both ends of the bed and if these 
were used for evaluating a logarithmic mean temperature 
difference, to be employed in turn for evaluating coefficients, 
these resulting coefficients would be much lower than 
actual coefficients, because the logarithmic temperature 
difference, only valid for a system with no back-mixing, is 
much larger than the actual temperature driving force. The 
true temperature difference must, of course, be evaluated by 
graphical integration and the value thus obtained for the 
data shown in Fig. 3 is equal to 8.46°F, whereas the logarith- 
mic mean value calculated from terminal data would have 
been 63°F. This matter of evaluating the proper driving 
force is mentioned here for two reasons. First, it sheds 
some light on the nature of the measurements that are 
required in fluidised-bed heat transfer studies and, secondly, 
it shows the seriousness of the error that would have resulted 
as far as the numerical value of the coefficients is con- 
cerned, had they been based on a logarithmic mean driving 
force. It is of interest to point out that in mass transfer 
studies between fluidised particles and fluid the situation 
is analogous, and in this field logarithmic mean driving 
forces have been used, with the result, of course, that the 
reported mass transfer coefficients appear to be much 
lower for the fluidised beds than for the fixed beds. This, 
of course, is not true. The resulting distortion naturally was 
not intended, but was due to both oversight as well as 
ee difficulties. This will be briefly referred to 
ater. 
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RATIO OF INTERNAL TO EXTERNAL COEFFICIENT 
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Fig. 4. Internal-external fluidised-bed heat transfer 
coefficient versus mass velocity. 


Fig. 5. Particle-fluid. Fluidised-bed heat transfer data. 








fluidised bed-exterior surface data*"*  ™ and conceived 
by the above indicated mechanism” is as follows: 


OB ass (eR ae|"* (2Bs)"™ 
 iaehor k uR 


Fluidisation efficiency, », and bed expansion ratio, R, are 
evaluated from Figs. 4 and 5 of the preceding paper. The 
other quantities may be expected to be available from 
process specifications. 

It is to be noted that the correlation does not apply to 
the onset of fluidisation, for which condition a coefficient of 
zero would result. Other limitations dictated by the sup- 
porting experimental data are as follows: 


0) 





Particle diameter. D, (in.) ... 0.0015-0.0335 
Tube diameter, D; (in.) - 2.0-4.73 
Solids density, ps (Ib/cu ft’ .. oe 37.5-500 
Solids specific heat, c, (Btu/ib °F) ... 0.034-0.178 


As far as flows are concerned, Equation (1) may be 
safely adopted within a range of 2< G/Gm; < 20. 


Heat Exchange between Bed and Interior Surfaces 

Equation (1) just presented has been found to apply well 
to externally heated or cooled equipment. The largest 
vessel from which data in support of the equation have 
come is 4.73 in, Such a column may be sufficient for many 
pilot-plant studies, but it will hardly be sufficiently large 
to accommodate many industrial operations. With larger 
diameter equipment, say columns of up to 8 or in some 
exceptional cases say 12 in. an extrapolation of Equation (1) 
may perhaps be permissible. However, when the rate of 
heat exchange is high, and perhaps critical, an externally 
heated or cooled column must be abandoned for a unit that 
carries internal heat transfer elements. With such parts inside 
the fluidising bed, the solids flow characteristics must now 
be expected to be different, with a corresponding effect on 
heat transfer rates. The changes which are thus introduced 
may be sufficiently severe that Equation (1) will for certain 
operating conditions barely give the correct order of magni- 
tude of the heat transfer rates. This may be appreciated 
from some interesting data of Toomey and Johnstone.” 
They operated a unit in which heat was supplied by a cen- 
trally located calrod heater, to be removed by a surrounding 
water jacket. The equipment was built in such a way that 
for the same flow rates simultaneous interior heating and 
exterior cooling coefficients could be observed. It is impor- 
tant to re-emphasise that both these coefficients pertain to 
the same bed, but due to their difference will indicate the 
extent to which conditions, as far as heat transfer is con- 
cerned, may vary in the same bed operated under these same 
flow rates. Fig. 4 presents the ratios of internal to external 
heat transfer coefficients for this equipment in relation to 
mass velocity. It will be noted that for a mass velocity of 
about 30 lb/hr ft® the internal coefficients are about four 
times as large as the exterior coefficients. Only as mass 
velocities increase substantially do the coefficients tend to 
become equal. Furthermore, as mass velocity increases, the 
scatter increases, pointing to the appearance of unstable 
conditions, such as perhaps slugging in the bed. It must be 
comprehended that the data of Fig. 4 are specific and that 
for other designs a different behaviour may be obtained. 
However, the data do indicate the important fact that even 
within the same bed, when operated under the same flows, 
the agencies which bring about exterior and interior heat 
flow may be of very different intensity. It is well to keep 
this in mind when we are called upon to pass judgment 
on generalised correlation efforts of data of this sort. 

All experimental studies relating to internal heat transfer 
employed one single immersed element, which varied in 
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Fig. 6. Fixed bed and fluidised-bed mass transfer data. 
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Fig. 7. Correlation of fluidised-bed particle—fluid 
mass transfer data. 


diameter from 0.25 to 1.33 in. This is quite an impressive 
variation, but so is also the variation which accompanies 
the heat transfer coefficients. Unfortunately, the available 
data are not such that the effect of varying any one para- 
meter can be traced clearly through, without having to 
accept variations of several other parameters simultaneously, 
as, for instance, immersed tube length, outside chamber 
diameter and perhaps fluid flows and fluid properties. Hence 
it should not surprise that so far little headway was made 
to develop a generalised correlation. The most noteworthy 
attempt along this line was made by Vreedenberg in a recent 
paper.” It is reported that with the advent of new data 
original ideas for a generalised presentation” had to be 
revised. In the latest paper all internally heated or cooled 
fluidised beds are said to be represented by two separate 
correlations. One correlation is said to apply to the use of 
fine and light particles, where it is believed that viscous 
forces are predominant on the particles: the other correla- 
tion is recommended for coarser and heavier particles, 
where inertia forces are said to be active. Unfortunately, 
the distinction of what constitutes fine, light particles on 
the one hand and coarser and heavier particles on the other 
is not clearly discernible. As far as the final correlation is 
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concerned, it appears to be satisfactory to indicate order of 
magnitude in most instances. The correlations are based 
on the entire data repertoire, characterised by internal heat 
transfer elements. This considerable data segment includes 
studies in both the dense phase as well as the dilute phase, 
where voidages are of the order of 90% and more. In view 
of this, it is surprising to find that the final correlation 
includes no term that accounts for system density. One 
may well wonder whether a better correlation could not 
be achieved by the inclusion of such a term. 


Industrial equipment of any appreciable diameter will 
invariably require a multitude of internal heat transfer 
elements. From the preceding discussion, it follows that 
much deliberation must be given the proper layout and 
diameter of these elements, so that the solids flow pattern 
remains intact, to assure proper fluid-solids contact for 
the reaction, as well as sufficiently high heat transfer rates. 
It is no understatement to say that the present data and 
correlations on hand offer in many instances only little 
more than an intelligent guide. 


Heat Transfer between Particles and Fluid 

The question of particle-fluid heat transfer is of funda- 
mental importance to kineticists as well as engineers, How- 
ever, because of the considerable difficulties that are 
involved in making the proper measurements in fluidised 
beds to evaluate these coefficients, comparatively little pro- 
gress has been made. The few studies that have so far been 
made are summarised elsewhere.” Also given there are 
indications of a possible heat transfer mechanism. 


Briefly stated, the chief difficulties involved with the 
experiments pertain to: 


(1) establishing the proper solids temperature; and 


(2) evaluating the surface area of the fluidised bed 
properly. 


Heat quantity released or absorbed can usually be 
evaluated properly; however, with the temperature differ- 
ence and possibly transfer area in doubt, it should not 
surprise to find that measurements for apparently quite 
similar systems may disagree by a logarithmic cycle or more. 


Despite these difficulties, the probable. data level of 
particle-fluid fluidised bed heat transfer has nevertheless 
been assessed.” Quite recently Richardson and Ayers" have 
reported the results of a study on this subject. Examination 
of one of their correlation lines indicate in the high flow 
range a gratifying measure of agreement with the earlier 
proposed correlation. In the lower flow range the new 
correlation runs higher. In consideration of this and the 
relatively conservative trend of the original data, it is felt 
that an adjustment of the original correlation may be in 
order at this time. Thus it is proposed to present fluidised- 
bed particle fluid data by the following correlation: 


1-50 
= 0.0193 (25) 


h Dp . 
z svool 
The relative position of this correlation to the remainder 

of data is shown in Fig. 5. As further data become avail- 
able, an additional revision might well result. The equation 
is believed to be valid for a Reynolds number range of 
about 6 to perhaps 60. Other limiting ranges are given in 
the paper by Richardson and Ayers” and the source of the 
original correlation.” 


Particle-fluid Mass Transfer 
There is indeed a dearth of data on this very important 
phase. Moreover, the few studies which have been reported” 
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are not in the best agreement. The studies which were made 
with a liquid medium are, of course, more reliable than the 
gas-solid studies. This is so because with liquids the tem- 
perature of the solid may be more reliably evaluated; 
similarly, the effective particle surface area is more accu- 
rately determined, and, what is most important, relatively 
high beds can be employed without having the effluent 
leave the bed in a saturated condition, 

Although it would have been a simple matter with 
liquid-solid systems to chart the true concentration gradient 
in the bed and thereby evaluate the true driving force, this 
was not done. Instead, validity of a logarithmic mean 
driving force was silently accepted as valid. Although this 
assumption is less in error with liquid-solid systems than 
it is with gas-solid systems, where back-mixing is indeed 
very profound® * the low course of the mass transfer data 
when compared to fixed bed data indicates that even in 
the liquid-solid system some back-mixing did exist. This 
conclusion is perhaps less justified for the minimum fluidisa- 
tion region and its immediate neighbourhood; however, it 
is definitely indicated to be the case for elevated reduced 
mass velocities. , 


Just a few typical data pertaining to the major studies of 
liquid-solid systems is indicated in Fig. 6.*™™ A full 
analysis is given elsewhere.” The fluidised-bed data are in 
agreement with the fixed-bed data only at the point of 
minimum fluidisation. As flow rates increase, the deviations 
increase. Of course, since a recalculation of the data and 
basing on the proper driving fore is impossible, the only 
practical way to align the data is indicated in Fig. 7. The 
correlation, comprising liquid as well as one gas system,’ 


Lfixed” Sfuidized + the ratio —T which 
Jfixed 
has been termed the bed-stirring ratio. This ratio is believed 
to be significant, since it relates the excess mass velocity 
over that required for the onset of fluidisation to the mass 
velocity under which the system operates. Thus the ratio 
should have a bearing on the solids transfer in the bed 
and thereby on the driving force that is active in the bed. 


relates the ratio 





This correlation of mass transfer data is believed to 
mark a starting point for future work. Of course, the next 
problem is to ascertain the actual driving force that 
attends mass transfer. The correlation given in Fig. 7 was, 
of course, developed from small-scale data. Since it is 
dependent on solids flow patterns, which in turn are affected 
by the design and dimensions of equipment, it is borne in 
mind that it must be used with prudence for purposes of 
scale-up. 
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ANEW CYCLONIC-FILM 


EVAPORATOR 


Details of a successful evaporator designed to provide 
high heat transfer rates with reduced surface fouling 





CCORDING to recent Russian experience in the 

evaporation of alkali-aluminate solutions in alumina- 
processing plants, a number of disadvantages in the design 
of evaporators at present in use in that country have 
become apparent.’ These are: 

(1) low coefficients of heat transfer; 

(2) heating surfaces become quickly encrusted with soda 
and aluminosilicate deposits; 

(3) appreciable entrainment occurs, leading to a loss of 
the aluminate solution and pollution of the con- 
densate. 

The first two of these short-comings are attributed to the 

low solution velocity, usually not more than 1-1.3 mm/sec. 

One possible solution is to employ forced-circulation 

evaporators, but these require high-capacity pumps, con- 
siderable expenditure of energy, and large separators, factors 
which detract from the economics of alumina production. 

In seeking a more economical and at the same time 

more effective evaporator, Kuz’min carried out investiga- 
tions upon a small single-tube cyclonic-film evaporator (Fig. 
1) with a heating surface of 1 m*, the tube being 7m in 
length and 57 X 3.5mm in diameter. A feature of the 
apparatus is the tangential input of the solution into the 
upper part of the tube and its high-speed filmwise down- 
flow along the inside of the tube. 

This equipment was the forerunner of an industrial 

cyclonic-film evaporator with a heating surface of 700 m? 


(Fig. 2), the operation and performance of which Kuz’min 
describes. The solution is fed by the circulating pump at a 
speed of approximately 1 m/sec. into the upper header. 
From here the solution is introduced into the evaporator 
tubes through the tangential inlets (which are made in the 
form of caps fixed over the end of each tube), and under 
the influence of its own weight it flows down the interior 
surface of the tubes in a thin layer. The lower chamber is 
filled with a solution to approx. 3-3 of its height. 

Due to the small thickness of the solution layer, the high 
free surface of evaporation and the fact that the pressure 
on the free surface of the film is lower than on the side 
of the film adjacent to the tube wall, the secondary vapour 
is given off in small bubbles and at a greater rate than with 
other types of evaporator. In the tube the solution and the 
vapour move in separate streams, and do not mix. The large 
vaporisation surface and the fact that the interior of the 
tubes is not filled with the solution, thereby providing separa- 
tion space, makes for considerable spray removal and 
eliminates the need for an additional separating device. The 
downflow of the vapour along the tubes enables the speed 
of the solution to be increased and promotes stable film- 
wise flow of the liquid. 

The weak solution is added through the intake pipe of the 
circulating pump, while the evaporated solution is led off 
through the lower connection of the solution receiver. A 
branch in the lower compartment is fitted for the exit of 


TABLE I—Results of Trials of New Type of Evaporator Obtained on Evaporation of Industrial Alkali-aluminate Solution 
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* For 21 hr operation (under identical conditions) the heat-transfer coefficient K fell from 2850 to 1690 kcal/m2/hr/°C. At a heating steam temperature of 150° and solution 
boiling temperature of 132.2°, the coefficient was reduced in 8 hr from 2700 to 1850 kcal/m2/hr/°C. 
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vapour and the steam supply and condensate removal are 
effected in the usual way. 

Trials with this evaporator were carried out upon indus- 
trial alkali-aluminate solutions of differing concentrations 
of high soda and organic additive content. The results of 
the tests are given in Table I. Evidently the new design 
provides, when evaporating the industrial solution, high 
heat-exchange coefficients in the effect system in which it 
was used. The final concentration of the evaporated solu- 
tion was 300 g/I. 

For comparison we give below the heat-transfer co- 
efficients obtained during tests in a four-effect reverse-flow 
industrial plant with a heating surface of 2000 m? yielding 
water evaporation of approximately 63 tons per hour. 


Effect Heat-transfer coefficients 
Ist 1450 kcal/m? hr 1°C 
2nd 1100 
3rd 950 
4th 550 


With this installation some of the tubes of the calandrias 
were destroyed by erosion after 56 days of operation. 

It is estimated from the results of Table I that the new 
type of evaporators in a four-stage assembly of identical 
surface will evaporate about 190 tons of water per hour, i.e., 
its evaporative capacity will be 3 times greater, and com- 
pared with other forced circulation evaporators, apart from 
its heat-transfer superiority its designers consider that it has 
a number of other advantages. These are: capacity of cir- 
culating pump 2-3 times lower; expenditure of electrical 
power 1.5-3 times less. Thus, a forced-circulation evaporator 
with tubes 38 X 3mm in diameter, 7m long and with a 
heating surface of 700m’, will for solution velocity of 


TABLE Il—Operating Conditions in a Four-effect Parallel Evaporator Plant 








Variable 

Temperaturei n °C 

of heating steam eo 

of boiling c= solution .. 

ofvapour . 

of condensate . 
Useful temperature difference in °C 
Depression in °C ; 
Concentration of 'Na0 i in eit y ee 

on input , . - 125 

on output . 
Specific wt. of solution at 20° in kg/ i 


a 
& 





aaESRS 
Anwoan 
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1.246 1.433 























3.6 m/sec. require for each effect a circulating pump with 
a capacity of 7850 m?/h at a pressure of 6.9 m water gauge 
and a 275-kW electric motor. For a cyclonic-film evapora- 
tor with the same heating surface, and tubes 57 X 3.5mm 
in diam., a pump with a capacity of 4000 m‘/h at a pressure 
of 9.5-10 m water gauge and a 185-kW electric motor will 
be required. 

Finally, in the manufacture of the new evaporator less 
metal is needed, its total weight being 2-2.5 times less. 

Table II shows that a parallel-flow scheme excludes the 
boiler tubes being affected by a solution that has at the same 
time a high temperature and concentration. Thus in the first 
stage the solution has a high temperature but its concentra- 
tion is low. On the other hand, in the fourth stage the con- 
centration of the solution is high but its temperature low. 

Parallel flow evaporation makes possible the elimination 
of the rapid failure of the evaporator heating surface (in 
56 days) observed in reverse flow units. Calculations made 
on the basis of the test data on the speed of corrosion of 
tubes by alkali-aluminate solutions showed that in a parallel- 
flow scheme the tubes of the third effect will be destroyed 





Fig. 1. Trial cyclonic-film evaporator with heating 


surface 1 mi’. 


1—solution chamber; 2—boiler tube; 


3—steam sleeve; 4—tangential input; 5—uplift tube; 
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6—NP-1 pump. 


Fig. 2. Industrial cyclonic-film evaporator with forced 
circulation heating surface 700 m*. 1—lower solution 
chamber; 2—boiler tubes; 3—heating chamber; 4— 
upper solution chamber; 5—uplift solution tube; 
6—hood with tangential input; 7—tube grill. 
































more rapidly than those of the remaining effect. Their 
operating life is limited to 4-4.5 years. 

It is considered impossible to improve the parallel-flow 
plants at present in use, because of the considerable encrus- 
tation of the-tubes by aluminosilicate and soda. Use of the 
new design of evaporator, which combines a high solution 
speed with a pronounced directional effect aided by the 
action of gravity, offers good prospects of a decrease in the 
rate of tube fouling. The data presented in Table I show 
that in the fourth effect, through the deposition of soda, the 
coefficient of heat transfer drops in 8 hr from 2850 to 2080 
and in 21 hr to 1690 kcal/m? hr °C. Although the tempo of 
this decrease is at a lesser rate than in existing Russian 
evaporators, the soda deposition nevertheless prevents the 
adoption of the usual form of parallel flow system. 

In order to overcome soda encrustation and to produce 
economical parallel four- and five-effect plants, Kuz’min 
proposes a new version of the uniflow scheme, its underlying 
principle being that after 8-10 hr of operation the direction 
of the vapour and the solution flow change simultaneously. 
By this means the fourth stage becomes the first and vice 
versa. 

The results of Table I show for the industrial solution that 
the first, second and third effects do not exhibit signs of 
aluminosilicate or soda encrustation after 8 hr; but in the 
fourth effect, through soda deposition, the mean coefficient 
of heat transfer has a value of approximately 2500 kcal /m* 
hr °C after the same period, i.e., 4.35 times more than in 
existing evaporators (when working in vacuo the decrease 
is 12-16%). 

The suggested method of operation would remove the 
need for frequent removal of soda from the heat-transfer 
surfaces, an operation which reduces the productivity of 
the equipment. 

Further tests showed that when the fourth effect switches 
from evaporating a strong industrial solution to a weak 
solution (to the solution from the first stage), soda is flushed 
out in 4-6min. and the apparatus operates with a heat- 
transfer coefficient equal to that of the first effect. The 
author believes that by employing evaporators of the new 
design together with the proposed parallel flow multi-effect 
system the periodic removal of the aluminosilicate by 
sulphuric acid will be unnecessary. Kuz’min points out, 
however, that there is some doubt about the second and 
third stages. Aluminosilicate accumulation in the first stage 
is improbable. Thus, judging from the results of the brief 
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Fig. 3. Tube sheet layout with details 
of solution swirl-caps fitted to evapora- 
tor tubes. (Dimensions in mm.) 


tests given in Table I, aluminosilicate is not precipitated on 
the first-effect tubes after 8 hr of operation. He considers 
that it is precipitated, but in a small quantity; but, in the 
non-flushing system, after the change-over, the strong solu- 
tion will remove the aluminosilicate automatically from the 
first-effect tubes, since the latter is easily soluble in the 
strong solution. Thus, the construction of a parallel-flow, 
multi-effect, non-flushing assembly from evaporators of 
differing design is feasible: the first and fourth effects would 
be evaporators of the natural-circulation type, whereas the 
second and third, since they are more vulnerable to alumino- 
silicate encrustation, would be cyclonic-film or other 
evaporators with a high solution speed. The problem of 
the proposed parallel multi-effect scheme is a separate one 
which Kuz’min discusses in order to encourage its fuller 
investigation. 


REFERENCE 
* Kuz min, N. P. Khim. Mash., 1960, 2, 1-4. 


Overseas Orders for Evaporators 


OST-WAR experience has shown that the most potent 

weapon in penetrating and holding overseas markets is 
a technical advantage in the product provided that its price 
is reasonably competitive. 

In the field of condensing of potable and other liquids 
the British A.P.V. Co. Ltd. is obtaining remarkable success 
with its plate evaporator. Greatly increased attention is 
being given throughout the world to the condensing of 
liquids at the point of production in order to reduce trans- 
port and packaging costs. This applies particularly to fruit 
juices, milk and milk products, although many other liquids 
are treated in this way. 

The A.P.V. plate evaporator employs an entirely new 
principle of construction and operation which results in 
reduced first and installation costs, simpler operation and 
a marked improvement in the quality of the product. These 
advantages have tipped the scales in most overseas markets, 
including the highly competitive U.S.A. market. In the short 
time that this evaporator has been available, orders have 
been received to date for over fifty complete installations for 
overseas countries in addition to the many in Great Britain. 
The countries buying them are the U.S.A., Russia, France, 
Canada, Australia, New Zealand, India, Pakistan, South 
Africa, Kenya, Rhodesia, Ireland, British Honduras, Argen- 
tina, Brazil, Switzerland and Austria. 
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equipment selection 


PART Il 


HEN the relative power requirements required for 
the reduction of different materials in a given 
machine are being evaluated, it is more usual to use Equa- 
tions (1) and (2) in the following forms.” 
E = C’F(S’« — Sw) 
1 1 
az=c'r(!—2 
an C F a D 
As in the case of the constant C in Equations (1) and (2), 
the constant C’ does not have precisely the same signifi- 
cance in Equations (la) and (2a); i.e., C’ in Equation (1a) 
includes the constant K’(= f/k) whereas C’ in Equation 
2a) includes the constant K(= f/5k). To bring the constant 
C’ to the same significance in both equations, (2a) should 


be written: 
g 1 \) 


The symbol F denotes the compressive strength (or crush- 
ing resistance) of the material undergoing size reduction, 
which has already been shown to be directly related to its 
scratch hardness number. 

It has been found expedient in the evaluation of the 
power for size reduction of materials to take a given 
material as standard and to determine the power required 
to reduce it from a given feed size to a given product size 
or to enlarge its specific surface by a given amount. The 
power required to reduce the size of another material can 
then be circulated directly on the basis of relative com- 
pressive strengths and proportionate degrees of size reduc- 
tion. A convenient standard material is limestone, which 
has a compressive strength of 10,000 psi. 


—_— 
ew 


++ (2b) 


Example (2) (A.M.1.Chem.E. Exam., 1930) 

A crushing machine in reducing limestone having a crushing 
test figure of 10,000 psi from 4-in.-diameter average size to 
soo im. diameter requires 12 hp. The same machine is then 
used to crush dolomite, having a crushing test figure of 15,000 
psi, from a 4-in. average size to a final product which consists 
of 20% with an average diameter of ;3; in., 60% with an 
average diameter of =}, and the remainder with an average 
diameter of ;}; in. Estimate the hp required to drive the 
crusher in this case, assuming equal output. 

(Density of limestone = 2.65 g/cc.Density of dolomite = 
2.74 g/cc) 


Solution 
Use is made of Equation (2b). 
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COMMINUTION THEORY AND PRACTICE 





The present limited theories offer a tentative means of grinding 


by D. KELLEHER, M.Sc., A.M.I.Chem.E. 


For limestone ' 











12=C’. x8 . 10,000 (300 — 4) 
C= 1.2 x 2.8 x 10’ = 1.135 x 10-5 
1 x 10* x 2.96 x 10? 
Size analysis of dolomite 
mean size d (in.) Aw (% Aw/dz 
mi ‘ 
100 20 2,000 
RE > 
00 60 12,000 
aie 20 6,000 
300 A 
W = 100 —" = 20,000 
1 ds 
2” 200 


Hence for dolomite by Equation (2b) 


E = 1.135 x + x 15,000 (200 — 4) 


———— x 1.5 x 10* x 1.96 x 10° 


= 11.5 hp. 


In applying RITTINGER’s Law in the two examples given, 
it has been assumed in effect that if X’ is the size of sieve 
aperture which passes a fraction AW of a total weight of 
material W and if X” is the size of sieve aperture which 
just retains the same fraction, then the mean size of 
particle (d.) in a fraction AW is given by: 
eae +2 


- 





This procedure obviously ignores the large variation in 
size which may exist between X’ and X”. This will not 
affect the results greatly if the corresponding AW is not 
too large, but the intrinsic error in relying on a series of 
average sizes di, do,...d, to evaluate a final average size 
d for W as a whole can be avoided by Gates’ graphical 
method” of evaluating specific surfaces from undersize 
distribution data. 

Thus for any weight AW comprising a small portion of 
a cumulative weight W (denoted by the ordinate in an 
undersize distribution curve (c.f., Fig. 9) we may write: 
tao. AW 


. pee 
Total surface per weight A ks’ de ds 
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Fig. 9. Variation of size distribution with progress of grinding. (Courtesy Fig. 10. Cube of homogeneous 


Institution of Mechanical Engineers.) 


Ww 


W 
Hence the total surface per weight W = K 4 = 
w 


dx 
dw 
dx ; w 


0 . 
The value of {z 


0 
abscissa on the undersize distribution curve) in reciprocal 
as ordinate against the corresponding per cent undersize 
(i.e., the ordinate on the undersize distribution curve) as 
abectann. The area under such a curve is then equal to 





K 


may be obtained by plotting d, (the 





fz —. If this area is representative of Ge product, then 


oe corresponding area for the feed is Se — where Dz 


represents the particle size of the sieve ‘pasticies. The dif- 
w 


ference or K ([z- 


in surface osen obtained by ‘ited and hence the power 
represented are obtained from: 


(aw dw 
w_[%)  ....m 
0 


where the constant C includes the shape factor K as before. 


) then represents the increase 


sia 


Example (3) (A.M.1.Chem.E. Exam., 1950) 
Lumps of limestone of average size 14 in. were crushed in a 
mill and gave a product with the following screen analysis. 


o 


—0.6 in. + 0.5 in. 
—0.5 in. + 0.4 in. 
—0.4 in. + 0.3 in. 
—0.3 in. + 0.2 in. 

+ 0.1 in. 


—0.,2 in. 
—0.1 in. 


The energy consumption was 8 hph per ton of material 
crushed. Calculate the power r aed to crush the same 
material at the same rate from a feed having a mean size of 
1 in. to a product with a mean size of 0.04 in. 


=r 
MBROMABS 
oooouMu” 


Solution 

The material retained on any screen is the oversize or + 
material; that passing the screen is the undersize or — 
material. Thus for the product in the first grinding operation. 
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material under deforming stress. 


% undersize % size (dz) 1 
(in.) dx 

100 0.6 1.67 
99.5 0.5 2.0 
91.0 0.4 2.5 
46 0.3 3.3 
26 0.2 5.0 

8 0.1 10.0 


The % undersize is plotted against 1/dz and the area under 
the curve (by Simpson’s Rule) corresponds to 455 units, which 
is a measure of the surface area of the product corresponding 
to 100 units of weight. A corresponding measure of the sur- 


face area of the feed of mean size 1.5 in. = "37 66.7 Hence, 


applying RiTTINGER’s Equation in the following form 
Ww 


dw Ww 
c= o( [%-2) 
0 


8 = C(455 — 66.7) 
; * 8 


388.3 
Hence energy in second operation is al 
B — gh, (100 — 109) 800. 5 
388.3 \ 0.4 - 588 3 
E = 52.2 hp 


Critique of Rittinger’s Hypothesis 
Bonp” has pointed out that RITTINGER’s Law has only 
a limited application to industrial crushing and grinding 
installations, and that strict concordance with RITTINGER’S 
Law has only been obtained when experiments have been 
carried out either on: 
(a) feeds of screeded particles passing one sieve size; 


or 
(b) scalped feeds with the fines removed. 

LowarzigE-Fairs,™ however, found in experiments con- 
ducted on laboratory-scale machines, which included an 
impact crusher, a batch ball mill, swing hammer mills with 
screen discharge and a type of fluid energy mill with 
integral classifier, that a linear relationship existed between 
net energy input and area of new surface produced 
(measured by a permeability method) in the case of 
barytes, limestone and anhydrite regardless of whether or 
not the fines or oversize had been removed in the feed. The 
feeds were, in fact, either closely graded material or else 
the untreated products of first- or second-stage grinding. 
Deviations took place only at the later stages of grinding 
in some instances of ball mill grinding and were attributed 
to the onset of packed crushing, i.e., the fines produced 
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Fig. 11. Variation of energy to surface ratio with fineness 
of product (South Wales coal). 


filled the voids between the larger particles, cushioning 
them and causing a pelleting effect and therefore resulting 
in a loss of grinding efficiency. The other mills with inte- 
gral chambers achieved much greater product fineness but 
maintained a constant energy/surface ratio. LOWRIE-FaAIRS 
termed the point of departure from linearity as the “limit 
of grinding at maximum efficiency”. His net energy input, 
however, was not the total energy for grinding of Rurrt- 
TINGER’S hypothesis, but the difference between the energy 
expended when a machine was running under load and 
when running empty.* The implication is, nevertheless, that 
the law may be intrinsically valid for certain types of fine 
grinding operations with brittle materials. The relationship 
was found also to hold for rock salt, which is subject to 
plastic deformation, but the performance ratios of the 
mills with this material differed from those obtained for 
limestone, barytes and anhrydrite as set out in Table IV. 
Thus the batch ball mill, one of the most efficient for 
brittle materials, was the least efficient with rock salt. 
Another practical objection to RITTINGER’s Law is that 
it assumes in effect, as MARTIN®™ pointed out, that there is 





* Measurement of energy input was by means of a kWh meter or else by 
ammeter readings and the corresponding stator line current/output horse- 
power curves for the motors used. e difference between the power usages 
for the mills running under load and light divided by the throughput (t/hr) 
gave the net energy consumption in kWh/hr. 


(ergs/cm)* 


Average Energy/unit new surface 





a constant molecular attraction holding together the par- 
ticles composing any crystalline substance; it implies, more- 
over, that in dividing the particles and in producing fresh 
surface, work is being done against a constant force 
analogous to the constant ‘force as, for example, involved 
in the distension of the surface of a soap bubble film. 
LowrleE-Fairs’ experiments would lend support to ‘this 
hypothesis. There is, however, evidence to the contrary 
which shows that with a given material the energy required 
to produce unit area of a new surface increases as the 
particle sizes are progressively reduced. HEywoop states 
that this could be due to changes in the propérties of a 
material with reduction in particle size, and cites, in 
example, the predominance of internal fission in larger 
particles as against smaller particles. The results obtained 
in some experiments with South Wales Coal have been 
reported by HEywoop.” These show (Fig. 11) that the early 
stages of grinding in a given mill are more efficient and 
that the minimum value for the energy/surface ratio in- 
creases with intensity of comminution. HEywoop, how- 
ever, does not rule out the possibility that the mechanical 
forces in each machine might have been less effectively 
utilised as grinding progressed (cf. packed crushing effect in 
LowrlE-Fairs’ experiments). 

MARTIN™ has subjected RITTINGER’s hypothesis to a 
more severe criticism on theoretical grounds. Thus if the 
work involved in volatilising a given material (which may 
be regarded as being analogous to the grinding of the 
material to “particles” of molecular dimensions) is com- 
pared with practical grinding tests, it is found that the 
energy required in grinding to produce 1 sq. ft of new 
surface is much greater than that required to produce | sq. 
ft of new surface by volatilisation. 

To take an example, consider the work involved in 
volatilising 1 Ib. of quartz sand. The latent heat of volatili- 
sation of silica is 1765 Btu/lb., and hence the work done to 
gasify 1 Ib. of silica is 1765 X 778 = 1.4 X 10° ft lb., where 
778 = Joules equivalent. The surface area corresponding 
to 1 lb. of silica materials is 3.8 X 10° sq. ft. Hence the 
work done to increase the surface by 1 sq. ft is (1.4 x 10°)/ 
(38 X 10°) = 1/27 ft lb. In a practical test with a ball mill 
MartTIN found that the work required to enlarge the sur- 
face of a quartz sand feed by 1 sq. ft was 60 ft lb., from 
which he concluded that the absolute efficiency of a 
modern tube mill would be of the order of only 100/(27 
X 60) or 45%. 

It is noteworthy also that GAUDIN™ attempted to modify 
RITTINGER’S Law by defining the efficiency of a comminu- 


Performance Ratio 





Limestone Barytes 


Anhydrite Limestone Barytes Anhydrite 





Unit impact 


rusher 

Batch ball millt 
Swing hammer 
Screen discharge 

mills 
(a) with close clearances 
(b) with fine clearances 
Attrition mill with static 

chamber 
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TABLE Vi—aAverage Work Indices 








Average 
No. of Specific Work 
Material Tests Gravity ‘S” | Index *Wi’ 

All materials tested 1242 — 14.39 
Barite 7 4.50 4.73 
Bauxite 4 2.20 8.78 
Cement clinker 16 3.15 13.45 
Clay 7 2.51 6.30 
Coal 2 1.4 13.00 
Coke 8 1.31 15.13 
Glass 4 2.58 12.31 
Granite 37 2.66 15.13 
Hematite 61 3.53 12.84 
Hezmatite—specular 3 3.28 13.84 
Lead ore 10 3.35 11.90 
Limestone 79 2.66 12.74 
Phosphate rock 17 2.74 9.92 
Silica sand 5 2.67 14.10 
Silicon carbide 3 2.75 25.87 
Zinc ore 12 3.64 11.56 




















For illustrative purposes only, as individual variations of work 
indices of materials in any one classification may be quite large, 


e.g 
..Wi = 19.6 


"" Silica sand, Ottawa, Illinois 
“m "Wi = 108 


Silica sand, Boise, Idaho 


TABLE IX—Part of Table of Rod Mill Sizes and Horsepower 
Requirements 








Maker’s Rvd Charge Rpm Motor 
Mill Size No. wt. (Ib.) hp 
710 60,000 20.8 250 
712 72,000 20.8 250 
810 78,000 18.2 300 
812 94,000 18.2 350 
912 120,000 16.5 450 
9412 134,000 15.2 500 
12 167,000 14.5 700 




















TABLE XI—Calculations of Energy Inputs for Successive Theoreti- 
cal Reductions of Cubes (Holmes’ Law Derivation) 








Reduction Size of Initial Energy Input for Given 

Ratio Particle Reduction Ratio 

2 = 2? D kD'— .3 D® 

4=28 3 &(2)"".3(2)' 

8 = 2° e oax(2) (2) 

16 = 28 : sim(2) °.3(2) 
2 pa gt! k (2) ‘if (si) 











tion operation as “the ratio of the surface energy pro- 
duced to the kinetic energy expended”, but nevertheless 
found that 99% of the work input was wasted in practical 
tests. 

Bonp™ has suggested that the low mechanical efficiencies 
are apparently obtained, because neither RITTINGER’S nor 
Gaupin's theories account for the fact that the breaking of 
rock involves primarily its deformation beyond the elastic 
limit, causing fatigue failure with a release of the energy 
of resilience as heat. This energy is therefore not recover- 
able in the product. Thus the assumption that the surface 
energy of the material after breakage is increased by the 
amount of useful work applied during breakage is invalid, 
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and this fact accounts for the 99% loss found in GauDIN’s 
experiments, The energy loss has, in fact, been determined 
by FAHRENWALD ef al.” by immersion of a small ball mill 
in a calorimeter and measuring the temperature rise of the 
water flowing through, which showed conclusively that 
from 75 to 94% of the energy input to the machine was 
utilised in heating the water. 


The Second Theory of Comminution 
Kick’s Law 

The main criticism which can be directed to RITTINGER’S 
hypothesis is that it ignores the distance factor involved in 
particle deformation before breakage (i.e., work = force x 
distance). This was accounted for in another theory pro- 
posed by Kick” in 1885 on the basis of a consideration of 
the deformation of bodies subjected to stresses within the 
elastic limit. In the following development of KiIck’s 
theory due to Hotmes,” only the energy consumed in size 
reduction by elastic deformation is considered. It is 
assumed that the final yield point and elastic limit are close 
together as in most naturally-occurring rocks, and that 
work done in plastic deformation may be neglected. 
Energy consumed in producing new surface is also ignored, 
since, of the proportion of total energy input, that con- 
verted to surface energy is negligible (<1%). 

If a cube of perfectly annealed homogeneous isotropic 
material of side D be subjected to a deforming stress f 
acting in the plane shown dotted (Fig. 10), so that at any 
instant the deformation produced is S, then by Hooke’s 
Law (stress is proportional to strain) 

S dS D 
J=M. D or wo -M 


where s is the strain and M the modulus of elasticity. 


sone@® 


Hence the work done (P) per unit area of the dotted plane 
in producing an elastic deformation S is 


Ss Ss Ss 
p=f[s.as=[s.S.a= [5.2.4 
0 0 0 


Since f is a function of S. 

According to the assumptions made, the total energy for 
fracture (along the dotted plane) will for all practical pur- 
poses be represented by the stress (say) acting in the plane 
at the elastic limit. If B is the theoretical energy at this 
stage required to produce unit area of new surface, then 

? 
1D 9 
= — .d = —.D — 
. 2M ida 4M O) 
0 
The latter is essentially the primary statement of Kick’s 
Law, i.e., “the energy (E) required for fracture is propor- 
tional to the weight or volume of the material’, thus: 


(S)o ...- (10) 


Again from Equation (10), the energy required to effect 
one fracture of area D® is 
E=2BD'=kD'=kD.D* 
and the energy required to produce three fractures of 
area D* (or to produce eight cubes of side D/2) is given by 
E=3kD*'=kD.3D* 
and the energy required to reduce these eight cubes of side 
D/2 to 64 cubes of side D/4 is given by 
D D\* , 
E sv (2) .3(2) 3kD 
Table I was constructed on the above basis showing the 
effect of reducing a cube of side D into successively smaller 
cubes. Thus the reduction of a cube of volume D* to 512 


B=-——~orE = 
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cubic particles requires an energy input of 12 kD*. If cer- 
tain arbitrary values are assigned to D as follows, the 
energy input will be as shown. 


Total Volume 


D Reduction of Material Energy 
(in.) Ratio (cu. in.) Input 
2 3 y 12k (2)° 
4 yx 4 12k (4)° 
6 y > 6 12k (6)° 


It is assumed that a change of shape from cubes to any 
other geometric configuration will not alter the form of 
the above relationship of variation of energy input with 
volume of particles for equal reduction ratios. Thus KIcxk’s 
law as formulated by STADLER™ states that “the energy 
required for producing analogous changes of configuration 
in geometrically similar bodies of equal technological state 
varies as the volumes or weights of these bodies’. 

It is also apparent from Table V that, although the 
overall reduction ratio increases in geometrical progres- 
sion, the overall energy input increases in arithmetical pro- 
gression and thus 

E = K log R = K log?/4 . (11) 


where D and d represent the initial and three final particle 
sizes respectively. Thus an alternative expression of Kickx’s 
Law is obtained; i.e., the energy required to crush a given 
quantity of material to a desired fraction of the original 
particle size is constant regardless of the original size of 
feed. 

ANDREASON,” in studying the principle of similarity as 
applied to grinding processes, deduced that while the fine- 
ness (defined by the specific surface) increases according to 
a geometric series the energy consumption increases ac- 
cording to an arithmetic series, which he expressed in the 
formula 


S'w 
E = K log — 
K log = 


w 


. (11a) 


This means that specific surface measurements or, in 
effect, particle diameters computed for feed and product 
by means of Equations (4) and (5) can be used in conjunc- 
tion with Kicx’s Law. The incompatibility of Kick’s and 
RITTINGER’S Laws is illustrated by the following example. 


Example (4) (A.M.1.Chem.E. Exam., 1935) 
A coal grinding unit required 5 kWh per ton in reducing 4-in. 


lumps to a product of the following screen analysis: 
52 mesh (aperture 0.0116 in.) ... 100% 
72 mesh (aperture 0.0083 in.) ... 70% 
85 mesh (aperture 0.0070 in.) ... 20% 
100 mesh (aperture 0.0060 in.) ... 50% 


It is required to produce a product of the following screen 


analysis from the same feed. 


150 mesh (aperture 0.0041 in.) ... 100% 
170 mesh (aperture 0.0035 in.) ... 50% 
200 mesh (aperture 0.0030 in.) ... 20% 
240 mesh (aperture 0.0026 in.) ... 50% 


Estimate approximately the power required per ton by (a) 
RitTINGER’s Law; (b) Kicx’s Law. 


Solution 
(a) RITTINGER’s Law 
Sieve Size (in.) Mean Size Aw% A ua 
x 
Through On d,{in.) 
0.0116 0.0083 0.00995 30 3150 
0.0083 0.0070 0.00765 50 6540 
0.0070 0.0060 0.0065 15 2310 
0.0060 0.000 0.0030 5 1665 
x Aw = W = 100 13,665 
My ods AW _ 13,665 _ 
.5-p =—" “00° = 136.65 
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by RITTINGER’s Law 





a (ew 
$= C(13665—2) -.C= 73 
Sieve Size (in.) Mean Size AW% AW 
Through On din.) d. 
0.0041 0.0035 0.0038 50 13,750 
0.0035 0.0030 0.00325 30 9240 
0.0030 0.0026 0.0028 an 5360 
0.0026 0.0000 0.0013 5 3850 
SAw=W=100 32,200 
ee AW _ 32,200 _ “as 
‘“2"ie- = 
: _ 5x 320_ 
AE= wre = aes = 9 


Hence energy requirements by RmmTINGER’s Law = 11.9 kWh 
(b) Kicx’s Law 
E= K log D/d 
5=k log 0.5 X 136.65 
5 





k= T3346 
5 
Hence E = 3346 log 0.5 x 322 
5 
= Ta34e * 2.2068 = 6 


Hence enérgy by Kick’s Law = 6 kWh. 


Critique of Kick’s Law 

The above example shows that results obtained by 
Kick’s Law are much less than those obtained by Rut- 
TINGER’S Law. One reason for the discrepancy lies in the 
fact that Kicx’s Law fails-to assign a sufficient proportion 
of energy to the reduction of finer particles. Ho_mes™” 
points out that a perfectly annealed homogeneous material 
whose resistance to reduction would not vary with particle 
size would obey Kicx’s Law. Rocks and minerals are 
usually inhomogeneous and are permeated with cracks, 
flaws and cleavage planes which are more predominant in 
the larger particles. Thus the resistance to reduction in- 
creases with decrease in particle size. Kicx’s Law has 
therefore been found unsuccessful in describing the be- 
haviour of such materials. 

On the other hand, RITTINGER’s Law, by concentrating 
attention on the increase of surface area, which weight for 
weight is greater for finer particles, possibly fails to assign 
a sufficient proportion of the work to the reduction of 
larger particles and may, therefore, overestimate the power 
requirements. 

The true results might therefore be regarded as lying 
somewhere between the energy requirements as determined 
by the application of both laws. It has been considered 
expedient in the past to regard RITTINGER’s Law as being 
valid for fine grinding operations and Kicx’s Law for 
coarse-crushing operations. It would be more true to say, 
however, that RITTINGER’s Law would apply to perfectly 
brittle material (cf. Lowrre-Fairs’ experiments) and 
Kick’s Law to perfectly elastic solids. 


The Third Theory of Comminution 
Bond’s Law 

According to Hotmes,” Kicx’s Law refers to the energy 
required to deform the particle to its elastic limit, whilst 
RITTINGER’S Law refers to the energy absorbed in the rup- 
ture of physical and chemical bonds during fracture. 
Bonb” in 1952 attempted to reconcile the postulates of 
Kick and RITTINGER into a simple law. Bonp reasoned 
that, whilst the absorption of equally applied stress is pro- 
portional to the volume of material under consideration 
(cf. Kicx’s Law) in actual crushing operations, stresses are 
applied at protruding points rather than at regular surfaces. 
These points, therefore, crumble as pressure is applied until 
sufficient area is developed for the breakage of the particles 
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under non-uniform stresses. Breakage of the individual 
particles may be regarded as originating in crack tips on 
the surfaces of the particles, the formation of these crack 
tips being motivated by the concentration of surface 
stresses. Once a crack tip is formed, the surrounding strain 
energy in the stressed material immediately flows to it, 
rapidly extending it throughout the particle, splitting the 
particle and resulting in fracture. In this way, according to 
BOND, comminution processes involve the transformation 
of mechanical energy into strain energy before a crack tip 
forms, which is released as heat when the material breaks. 
The mechanical efficiency is the energy resulting in break- 
age divided by the total energy input. 

On the basis of the crack tip hypothesis, BonD com- 
pounded the laws of Kick and RITTINGER into a single law. 
When stress is first applied, the strain energy of a particle 
may be regarded as being proportional to its volume, as 
KICK suggested, or proportional to D* where D is a dimen- 
sion defining the size of the particle. However, with the 
formation of the first crack tip the strain energy flows to 
the surface, thus developing a breakage pattern, and at 
this point Rirrincer’s Law may be regarded as being 
valid, i.e., the strain energy of the particle is proportional 
to the surface area or proportional to D*. Hence the 
proportional energy absorbed by a particle is a function of 
a dimension intermediate between D* and D* or a function 
of /D* x D* or D*/*. Now the number of particles of 
similar shape per unit volume of material is proportional 
to 1/D*, and thus the energy input to break a unit volume 
(or unit weight) is proportional to D‘/*/D* or to 1D, 
Hence Bonp’s Law, or the third theory of comminution, 
states that the total energy useful in breakage which has 
been applied in one or more crushing or grinding opera- 
tions, to a stated weight of homogeneous broken material, 
is inversely proportional to the square root of the diameter 
of the product particles. 

BonD, in applying his theory to comminution processes, 
defined the size of feed particle D (and product particle 
d) not as a mean particle size but as the size of sieve 
aperture through which 80% of the feed (or product) 
passes. This was based on SCHUHMAN’S observation™ that 
if the logarithms of the per cent undersize by weight (W) 
of the particles are plotted against the logarithms of the 
sizes of the’particles (X), where X is the size of sieve aper- 
ture, then the relationship is linear in the case of most 
materials, being expressed by the equation 

Log W =m log X+C <<2ne 
The value of m is assumed to be the same for both feed 
and product and in most cases is equal to 1//2, The value 
of W of 80% was taken by Bonn as the criterion in defin- 
ing the feed (¥ = D) or product size (X = d), since this 
value was readily obtained without resort to tedious size 
analyses to determine the full size distribution, and, more- 
over, it was definite and reproducible. Thus the third 
theory of comminution, in effect, states that the total 
work useful in breakage is inversely proportional to the 
square root of the diameter corresponding to the sieve 
aperture through which 80% of the product passes. 

If now E; is taken to represent the work done in reduc- 
ing a given feed to its given state of subdivision of particles 
before submitting it to further comminution, and if D 
represents the size of sieve aperture which 80% of the 
feed passes, then E; is proportional to to 1D, If the feed 
is now subjected to crushing or grinding and E, represents 
the total energy involved in reducing the material to its 
final state of subdivision (i.e., Ep includes E; in addition to 
further work done in crushing or grinding), with d repre- 
senting the size of sieve aperture which 80% of the product 
passes, then E, is proportional to 1//d. If now E repre- 
sents the energy involved in transforming the feed to the 


product, then: 
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1160 
1320 
1470 


Per Operation 
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1 1 
E=E,—£,=K(}—4) - (13) 


This equation may also be expressed in terms of the 
reduction ratio by transforming as follows: 


E 


i\/d—1/\/D 


Ey E 
iW ~ * = ap/ad—1/VD) 
El\/da in 
or E, = Vo-Vva=£(Y2 .) 
aS: Oe 
Dividing the latter fraction above and below by vd, 
then: 








Now also 


.. (14a) 





s, = 2(-¥ ze) ve + (14b) 


VV R—-1 
where R = reduction ratio or D/d. 

If now a work index £; is postulated as the work re- 
quired to break from an infinite size (D = °%) to a specific 
product size of 100 microns, then substituting in Equation 
(13) 
l 
B= —,— B= KT a 
for an intermediate product size d 

Ai 
/4/100 W//d 

or TT the value of E, from (14a) acne (1) 


At ev avi) ¥2= (De ) va 


), ic., E; = K/+/ 100, thus 








TR = 


whence E, E( >=: D ). [4 
ic i = | Sane 
Vv D- =Vi oo 
/a 


VR 

2 (3 »/ 100 .. (15) 

By means of this equation, Bonp has determined the 
work indices of a large range of materials including glass, 
cement, clay, coal, flint, etc., in terms of kWh per short 
ton.“ A number of work average indices are cited in Table 
VI. By rearranging Equation (15) and substituting the 
appropriate work index, the work involved in dry crushing 
and wet grinding operations may be evaluated thus: 


pm 5 (VOY 4) [2 vy oft) /F 


VR 
.. (1b) 


ae a 
For dry grinding operations, however, the work is z 


times that calculated by latter equation. BoNnp has 
developed a number of empirical formule by means of 
which several different types of laboratory tests may be 
used for the evaluation of the work index value of a given 
material.* * 

In certain cases SCHUHMAN’S observations™ (Equation 
12) do not apply; neither are the slopes of the feed and 
product lines parallel. This applies in particular to scalped 
feeds or feeds which have had their fines removed. When 
the slopes of the feed and product lines show large diver- 
gencies, the energy involved in size reduction cannot be 
computed by means of Equation (16). In these cases BoND 
has suggested that an average reduction ratio, Ra», may be 
taken by averaging the reduction ratios at 90. 70, 50, 30 
and 10% passing sizes. Thus: 
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z= £ (4% ) Ag cess 
V Rayv—1 100 

BonpD has shown by means of the following example how 
the knowledge of the work index of a given material may 
be used in the selection of suitable size reduction units.“ 


Example (5) 

It is required to select a size reduction unit of 2000 short 
tons pér day capacity to reduce a feed with 80% passing 3 in. 
to a product with 80% passing 100 mesh. The work index of 
the material is 13.0 kWh per short ton. 


Solution 

Bonp shows how the selection might be made, assuming the 
material is first subjected to dry crushing in a hydrocone in 
open circuit, then to open-circuit wét rod milling and finally 
to closed-circuit wet ball milling. The crushing operation would 
provide for two seven-hour shifts per 24 hours (allowing the 8 
and 16 hours for cleaning up) and the rod and ball milling 
operations would be operated continuously on a three eight- 
hour-shift basis per 24 hours. The specifications for these three 
stages of size reduction are set out in Table VII. The selection 
might then be made by referring to the performance charac- 
teristics of such units in tables given in manufacturers’ bulletin, 
viz. : 


Hydrocone Crusher 

Table VIII shows crusher sizes and capacities. Since the 
selected crusher capacity must be in excess of 143 tons per 
hour, the next higher figure of 159 is chosen, i.e., a 548 crusher 
size with 1-in. eccentric throw. With 1-in. eccentric throw the 
motor hp. allowed on the crusher is a maximum of 125. Since 
-_ - hp is required by calculation, a 100-hp motor is 
selected. 


Rod Mill 

Table IX is part of a maker’s sélection table for rod mill 
sizes and capacities. The calculated hp = 316. Hence a 350-hp 
motor is required and this indicates that an 812 rod mill size 
(8 ft by 12 ft) is required. 


Ball Mill 

Table X shows some hp requirements for ball mills. This 
indicates that an 800-hp motor and a 104, 14 ball mill (104 ft 
by 14 in.) is required. 

The following summarises the selection made. 


Motor hp 100 350 800 

Machine Hydrocone Overflow Overflow 
crusher rod mill ball mill 

Maker’s size 548 812 104-14 


Criticism of Bond’s Law 

Bonp has determined the work indices of over 1200 
materials to establish his third theory of comminution. 
Previous work attempting to establish the validity of either 
RITTINGER’S or KIcK’s law has lacked this comprehensive- 
ness. Thus Bonp’s theory as formulated in Equation (16), 
etc., is of divert economic value as a basis for the selection 
of size reduction equipment. 

Homes” has directed attention to two fundamental ob- 
jections to Bonp’s Law in its present form—i.e., it ignores 
(a) the change of particle strength with particle size, i.e., it 
assumes that the work index calculated for a given material 
subjected to different degrees of size reduction will be the 
same for each reduction stage; and (b) the effect of the 
boundary conditions of the system which includes the size 
and shape of the feed particles and the manner in which 
the crushing force is applied. 

To test the fundamental significance of Bonp’s Law, 
Homes rigorously defined the work index for a given 
material and machine as “the total work input in kWh/ 
ton to reduce the material from theoretically infinite 
particle size to the product of normal distribution, 80% 
of which passes 100 microns, this reduction being per- 
formed under the same conditions and assuming the 
material characteristic to be the same as those prevailing 
during actual reduction over a finite size range in the 
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machine considered” and carried out bail mill grindability 
tests on crystalline quartz, granite, gold ore and carboni- 
ferous limestone in order to test the variations of work 
index with fineness of product. The work index was deter- 
mined on the basis of the following empirical equation : 


Ep» = 20/G** ooo Qe 


where G is the ball mill grindability or net gram produced 
per revolution of the test mill, which passes a sieve open- 
ing of d mesh and by substituting the evaluated E,» in the 
equation by BonpD, viz.: 


100 ncoeQeey 


d \* 
E; = 0.80 Fa( 4) 

where d is defined by the 80% passing size for the material 
in question. HoLMEs’ results are summarised in Fig. 12, and 
show that work indices are not constant but increase with 
fineness as measured by decrease of size d corresponding to 
the mesh through which 80% of product passes. (The car- 
boniferous limestone is exceptional in that the work index 
decreases with fineness.) More recent work by BonD shows 
that the work index is in fact a function of d (cf. Table 
XII). 

The fact that work indices are variable in this way, des- 
pite constant boundary conditions, shows that Bonp’s Law 
in its present form merely empirically combines the laws 
of RITTINGER and Kick into a single law which has no 
fundamental significance. It is noteworthy, however, that 
BonpD has put forward, but has not experimentally demon- 
strated, another theory,” i.e., that the useful work input is 
proportional to the length of the crack tips formed before 
fracture. For a break across a square cross-section of side 
D units the crack length is D; for a break across a cylin- 


a 
drical cross-section the crack length is J =. BOND 


defined a dimension L as equal to the total crack length 
formed in the reduction of a short ton of material. The 
new surface formed by any reduction of a short ton equals 
2L*. Effective cracks are crack tips which split the particle 
without the external application of additional energy other 
than that present in the stressed particle. Particle cracks 
which do not completely split the material would decrease 
the energy required for complete breakage in a subsequent 
reduction stage. Thus if an efficient grinding unit requires 
300 joules per sq. m of new surface area produced, then 
the crack length produced per sq. m= /0,5 m, or ap- 
proximately 77.5 cm, and the energy per cm of crack tip 


is Bag or approximately 3.87 joules. The application of 


3.6 X 10’ joules per ton will result in the formation of a 
crack length 9.3 X 10° cm or 93 km. This aspect of BonD’s 
third theory is difficult to evaluate without experimental 
demonstration, which at present is completely lacking. 


The Fourth Theory of Comminution 
Holmes’ Law 
The laws of RitTINGeR, Kick and BonpD may all be 
derived from the same mathematical basis. Thus if the 
energy involved in producing a change dD in the mean 
linear dimension D of a particulate material is dE, then: 
dE 


assuming ee Se 
BE d 
[ ae = ~c{ pap 
0 D 
If n = —1, then 
B d 
dD 
fae-—cf “ 
0 D 
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or E=C log 2 


which is Kicx’s Law as expressed in Equation (11). 
If n = —2, then 
E d 
dD 
| a= —c |p 
0 


D 


l 1 
or E = c(} _ 4 
which is RITTINGER’s Law as expressed in Equation (2). 


a 
= —, th 
If n >? en 


1 1 
E=2c(+,-4) 


which is Bonp’s Law as expressed in Equation (13). 
In general if n = —y 

E 

| 


d 
| ae =—c|4.ap 


. 


0 D 


or g=c(5b |) =ca—p» 


a — = 

if y>1, then let 1 — y = —r. 

Hence E = C(d-* — D~*). 

This suggests the possibility that the laws of RITTINGER, 
Kick and BOonpD are essentially different expressions of the 
same fundamental law in which r is a variable parameter. 
Thus the energy (E;) involved in reducing to a feed size D 
is CD~" and the energy (E,) involved in reducing to a 
product size d is CD~. 

Homes,” following the procedure of Bonp in defining 
feed and product sizes, in fact, used an expression of the 
latter type, viz.: 


then 


I —b 
S = hes Cd 

as a basis for the development of a new theory of com- 
minution. In this expression, in which Bonp had sum- 
marised the behaviour of a wide range of complex ores 
subjected to ball milling, S represents the resistance to 
grinding and is expressed as the reciprocal of the grind- 
ability G as defined by Maxton, CADENA and Bonp.” C 
and b are parameters having different numerical values for 
different materials. 

Homes actually used Kicx’s Law which he derived in 
the form of Equation (9) as the starting point in the 
development of his theory. This equation is representative 
of the behaviour of perfectly annealed homogeneous iso- 
tropic materials, but for real materials permeated by 
cracks, flows and cleavage planes the stress (¥, say) 
required to produce 2D* units of new surface will be less 
than ¢. The value of ¥ will be determined according to 
Homes by: 

(a) the particle size of the material, i.e., at coarse particle 
sizes a major proportion of the total reduction may be 
brought about by rupture of relatively weak VAN DE 
WaAALs’ bonds, but as particle sizes become smaller more 
and more strong covalent bonds must be broken; and 

(b) the type of force employed by the size reduction 
machinery. 

Thus Equation (9) may be rewritten as 


am * 


- - (20) 


and Equation (10) as 
2 
= = 
B= am D 


where r is the “Kickx’s Law deviation exponent”, a variable 


cov eQeep 
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TABLE XII—Showing Reasonable Constancy of Work Indices (Wi) with Variation of Product Fineness Defined by 80°% 

















Carboniferous Limestone 
b = 0.77 b = 0.78 b = 0.62 b=0.4 
q = 0.88 q = 0.94 q = 0.84 9a 07 
r = 0.68 r = 0.73 r = 0.52 r = 0.32 
du) W; du) W; du) Wj d(u) Wj 
341 10.24 330 8.35 348 14.04 320 7.56 
168 10.10 236 8.34 241 14.20 215 7.58 
121 9.69 172 10.10 180 14.73 135 7.48 
80 10.33 124 8.10 120 14.30 108 7.57 
56.5 9.96 87.0 8.62 58 13.80 49.5 7.57 
45.5 9.76 
































parameter accounting for the change in particle strength 
with particle size, the type of material undergoing com- 
minution, and the manner in which stress is applied. 

Following the method adopted with Equation (10) for 
Kicx’s Law, Equation (21) can be transformed into a 
general expression of the laws of RITTINGER, KICK and 
Bonp. Thus the energy required to effect one fracture of 
area D* in a cube of side D is 

E=2 BD’=kbD'.D* 
and the energy required to produce three fractures of area 
D®* (or to produce eight cubes of side D/2) is given by 
E= kD’ .3D° 

and the energy required to reduce these eight cubes of 
sides D/2 to 64 cubes of side D/4 is given by 


E=8k ‘) 3(2) 


Thus by considering successive reductions in particle 
size, Table XI was constructed. 

Now considering the energy to reduce a cube of side D 
to cubes of side d where d = D/2?: 




















Reduction- ratio = R = D/d = 2* 
* xlog2 = log Rorx= ee 
and from Table 5 log R 
log 2 
_ log R 
~ jog 2 
9r~1 kD 
E 3 Dp >(z—1) (1—) 
x l 
: log R 
ai log 2 
=3kD* > 22-0 
—! 
log R ore 
* log 2 los F) 
Now 2-1)" — iz 2 ew 
is — 1? “_ 
uk  (R’—1) 
. 3k D* (R"— 
<<" 7... 


This is a general expression for the energy required to 
reduce a cube of side D to cubes of side d and corresponds 
to an expression of RITTINGER’s, KIcK’s or Bonp’s Law 
if r= 1, D or 4 respectively. For the reduction of unit 
weight of material of size D to size d, the energy require- 
ments will be 1/8D* times greater; thus 


3k D~ (R"—1) 
8 (2”"—1) 


E= 


. - (22) 





where 6 = density of material. 

From Equation (20) Hotmes derived an expression 
analogous to the basic expression of BoND’s Law (Equa- 
tion (13)), viz.: 


a ‘) (=5"). 1 
clin, he. deeds ae LP oe 


by making the assumptions that: 

(1) the geometrical configurations of the particles does 
not alter the form of Equation (19); 

(2) the size distribution of the particles can be ex- 
pressed by Equation (12); 

(3) the product is substantially independent of the 
boundary conditions, as in ball milling, where 
reduction involves the transformation of the 
transient mode of a relatively coarse material into 
the persistent mode of a finer material (cf. Fig. 
9); 

(4) the efficiency defined as 

__ work input required to initiate particle fracture 


. total work input to mill 


- - (13a) 





is constant for any one material and machine. Any possible 
variation of » with product size is assumed to be in- 
corporated in r. 

Hotes transformed Equation (13a) to an expression 
analogous to Equation (16), viz.: 


e~e[1-(5) ]() 


The work index was rigorously defined, as already des- 
cribed following assumption (3) above. 

In order to interpret his results for the ball mill grinding 
of quartz, granite, gold, ore and carboniferous limestone, 
Hotmes modified Equations (18) and (19) as follows: 


-.- (16a) 


A 

En =o .. (18a) 
E; = 0.80 E (4) (19a) 
> P \ 100 


where A and gq are parameters which vary from material 


to material. 
Thus , = 24 (4) vee (23) 


G* \100 


Now the relationship of G to d, as expressed in Equa- 
tion (20) and plotted on a log-log scale, is linear. Trans- 
formed, this equation is 

G=da/C wen Ge 

Thus G can be eliminated from Equations (20) and (23), 

giving 
0.80AC% d’ 


j= a. Sr ince 
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For a constant work index r = q.b (otherwise E; = f(d) ) 
and hence 
E; =0.80A.C */100" . (25) 

C and b can be determined from the plot of G against d 
on a log-log scale. A and gq are obtained by a method of 
successive aproximations from Equation (24) (see Ref. 37). 
Proceeding in this way, Homes obtained the results in 
Table XII for the materials tested. Thus the work index as 
evaluated on the basis of Homes’ theory shows little 
variation with product fineness, and within the limits of 
experimental error is reasonably constant. 

The relationships between the theories of RITTINGER, 
Kick, BoND and Homes are illustrated in Fig. 13 plotted 
for carboniferous limestone according to the equations: 





RITTINGER 
\) 1 
E = K, (: — R 7 
KICK 
log R 
al “i 2 
BOND 
1\*] 1 
e=«[1-(3) |r 
HoLMES 


‘] 1 
e=x[1-(t) U 


The value of d is expressed in the same way in each of 
these equations, so that Ki, K2 and K; vary with d, but 
K =100".W; is a constant for one material and one 
machine. It is evident from Fig. 13 that the results ap- 
proximate more closely to the “true” or HoLMEs’ Law 
result in the order BonD, Kick, RITTINGER. 


Summary and Conclusion 

This article began by considering the problems of select- 
ing equipment for size reduction and discussed the methods 
by which mills could be operated with the minimum ex- 
penditure of power. It was shown, inter alia, that the 
selection of machine and motor sizes and efficiency com- 
parisons depend ultimately upon the ability to predict 
power requirements. The inadequacy of Kick’s and Rirt- 
TINGER’S Laws for this purpose was discussed, as well as 
their mutual incompatibility and their reconciliation in a 
single law as Bonp’s third theory of comminution. 
Finally, all three laws were shown to be but special cases 
of a more fundamental law in which the variation from 
ideal Kicx’s Law behaviour of perfectly annealed homo- 
geneous isotropic materials is expressed as a parameter r 
which varies from material to material and is termed the 
Kick’s Law deviation exponent by J. H. HoLmgs. 

The value of r was determined by Hotmes for a number 
of minerals by carrying out ball milling tests and by adapt- 
ing certain equations of Bonp to evaluate the results 
obtained. Within the restricted range of size reduction 
Operations and for a given material and particular 
machine, Hotmes found a constant value of r. It is 
stressed, however, in HoLmes’ paper that for coarser 
crushing systems, where transient rather than persistent 
mode material is being produced, variation in the funda- 
mental form of the Homes’ equation or in the value of r 
may possibly take place for a given material. The type of 
size-reducing force and its rate of application may also be 
critical factors causing r to differ for any one material. 

One of the difficulties which will be encountered in at- 
tempting to solve this problem is the absence of a single 
equation applicable to all size distributions. It would 
appear more advantageous, temporarily at least. to cir- 


cumvent the problem by the use of mean particle size 
as determined by specific surface measurements, 


or al- 
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ternatively, by an adaptation of the graphical procedure 
used in the evaluation of specific surface from size dis- 
tribution data. Thus Equation (13a) might be written in 
the form 

E=K Sx" — Sw" {cf. Equation (11a)] 

If the strength of a given material decreases with in- 
crease of particle size, then it is obvious that relative to 
size reduction processes we are dealing with a different 
material at the 100-micron level than at the 1000-micron 
level of mean particle size, and hence variation of r may 
be anticipated over the range of mean particle sizes from 
100 to 1000 microns. If this variation is due to internal 
flaws and fissures, the variation of the specific gravity of 
the material with particle size (determined possibly by a 
“sink or swim” or flotation method using liquids of 
different specific gravity) should provide a measure of the 
relative strengths of the particles. Powers® has found such 
a variation in the specific gravity of sucrose crystals. 

The purpose of all size-reduction studies will in the 
future be either directly or indirectly associated with the 
problem of assigning values to r for individual materials 
and machines and in determining the factors which cause 
variation from material to material. 

It is possible that some factor such as the Moh hardness 
number may be involved in such a correlation. Thus BonD 
and WaNnG® obtained a graph which shows the variation 


of power input (E) with * for materials of different 


degrees of hardness (not, however, measured by Moh 
hardness) and for different machines (Fig. 14). 

Until such developments take place, Bonp’s Law will 
lead on account of the wide range of test data covered. 
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DESIGN OF PROCESS EQUIPMENT 
TO ECONOMIC OPTIMUM 


An analysis of the relative merits of four methods of performing 
optimum design calculations 





by J. J. TABOREK* 


Introduction 
HILE a careful economic analysis of an overall ven- 
ture is a standard procedure, the optimisation calcu- 
lations at the level of the actual designs, where the capital 
expenditures are ultimately fixed, has often been neglected. 

The reasons for this situation are not difficult to spot: 

(1) Only a few straightforward cases are applicable for 
solution by relatively simple analytical methods. The 
majority will contain discontinuous functions or 
other complications which will require stepwise solu- 
tions, often with respect to several optimisation para- 
meters. Such calculations are, however, extremely 
time-consuming and highly unpopular with the 
engineers. 

(2) Many a conscientious engineer has experienced bitter 
disappointment to find, after tedious calculations, that 
the cost curve around the optimum point was ex- 
tremely flat. The incremental saving, even if actually 
realised, was hardly worth the effort expended. 

(3) The uncertainty of the mathematical relationships 
underlying the design calculations favoured the more 
or less legitimate use of safety factors, rules of thumb, 
or decisions based on “established practices”. 

(4) Management sometimes looked rather favourably on 
intentional over-designs with the convenience of the 
“built-in” potential for capacity increase. 

Several points of this hitherto sound philosophy should 
be subjected to basic revisions as a result of the develop- 
ments of the past decade. 

Improved understanding of many engineering processes 
allows equipment performance prediction with un- 
precedented accuracy. This has been helped particularly by 
the availability of electronic computers which do not set 
the narrow limits to the intricacy of the mathematical 
models used. Intense competition in many fields lets even 
marginal savings in the operational cost appear more lucra- 
tive than they used to be. 

The objective of this report is to survey critically some 
of the methods and practices for equipment design optimisa- 
tion, especially with respect to the use of digital computers. 





* Phillips Petroleum Co., Bartlesville, Oklahoma, U.S.A. This article is 
based upon a paper presented to the recent joint A.I.Ch.E.-Inst. Mex. Ing. 
Quim. meeting held in Mexico City in June. 
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General Logic of Equipment Optimisation 

Most problems of engineering equipment design have 
several if not, at least theoretically, an infinite number of 
solutions. The objective of optimisation is then to select 
out of the multiplicity of potential solutions the one which 
is “best” with respect to some desired property. While this 
variable can be any particular design parameter such as 
overall size, ground space, weight, hold-up volume, etc., 
the most frequently encountered problem will be that of 
cost, which will be also the basis for the following 
deductions. 

Economics of Process Operation. The general definition 
of the financial aspects of a process is that the profit P ($) 
is the difference between the value of the product V (S$) 
and the cost of performing the operation C ($). 


P=V-C soso 


The cost of operation C can be broken down further to 
any desired detail, but two substantial groups can be 
distinguished : 

The fixed cost J ($), which includes the cost of initial 
installation and all factors depending on its value. 

The operating cost E ($), which includes all the cost 
components connected with running the facility, such as 
energy supply, regular and major maintenance, etc. 

Consequently : 


C=I+E ooo @ 


The optimum design is that which will produce maximum 
profit. Not always will an optimum exist. The condition is 
that (a) one or more operational parameters can be varied 
within sufficiently wide range to effect substantial changes 
in the equipment design and its cost; (b) at least two of 
the profit components V, J and E will be affected by such 
variations in mutually opposite directions (i.e., one will 
increase while the other decreases) or, if changing in the 
same direction, their respective rate of change will be 
sufficiently different to produce an inflection point. 

Two typical examples can be given: 

Example 1. The value of the product V and operation 
cost C are variable with an operational parameter p. This 
situation would apply to the design of a reactor where the 
operating pressure is the variable. The product value will 
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Fig. 1. The optimum operating pressure for the design 
of a reactor in which pressure is the variable. 


Fig. 2. The conditions for the design of an optimum 
heat exchanger. 





increase with pressure due to higher conversion, but also 
the cost of the apparatus and its operating cost will increase 
with pressure. The rates of increase are, however, different 
and an optimum will exist at Pop: (Fig. 1). 

Example 2. In most cases of equipment design the result 
of the operation will be an intermediate product to which 
no value can be easily attached. In such cases V is constant, 
and an optimum design will be possible only if the com- 
ponent factors of the operational expenses 7 and E form 
a minimum total expense C, which will be then identical 
with maximum profit. A practical example of this case is 
the design of an optimum heat exchanger for specified duty 
and fixed temperatures. The heat exchanger is a part of a 
complex process and no value can be reasonably attributed 
to its function. The independent variable of optimisation 
is in this case the flow velocity of the fluids. The higher 
the flow velocity, the smaller will be the required area 
and the fixed cost, but the higher will be the cost of pro- 
ducing the fiow velocity required. The cost components J 
and E change magnitude in opposite direction, thus fixing 
an optimum at Pope (Fig. 2). 

The Extent of Process Circuit. The extent of the process 
circuit which should be included in the optimisation calcula- 
tions commands particular interest. Whenever there is an 
operational parameter common to several units, vigorous 
optimisation will be possible only if carried out on the entire 
circuit involved. The extent of such calculations will fre- 
quently be prohibitive, and simplified mathematical models 
for the individual units will have to be introduced. How- 
ever, establishing the optimum with respect to the overall 
process will bear much greater validity than the opposite 
process of optimising the smaller circuits independently, 
which will not necessarily lead to an overall optimum. 


Optimisation Methods 

Having defined the basic economic equations for the 
circuit subject to optimisation, we have several methods of 
establishing the optimum values of the design parameters. 


(1) Analytical Solution 

Classical Method. This method is based on the classical 
mathematical theorem that equating the first differential of 
a function to zero and solving for the variable will deliver 
the position of the peak. 

Optimisation by this classical method is possible in all 
such cases where we deal with continuous parameters and 
equations, which in their differentiated form allow explicit 
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solution for the optimisation parameter. Unfortunately, 
these conditions apply only in exceptional cases for engineer- 
ing equipment designs. Nevertheless, several analytical 
optimisation solutions for equipment design have been 
worked out, especially in the heat-transfer field.’ * * * 5 This 
was possible only after the introduction of more or less bold 
simplifications (e.g., cost of heat exchangers assumed pro- 
portional to area). 

For these reasons, optimisation of equipment design by 
the classical analytical method has been predominantly used 
only to demonstrate effects of optimisation parameters on 
typical examples and to establish generalised design rules. 
In many cases this leads to very practical and useful design 
methods, but the user should be aware of the conditions 
restricting the validity of such developments. 


Problems Containing Restrictions, Most of our engineer- 
ing equipment is subject to a number of dimensional or 
operational restrictions derived from commercial avail- 
ability, standard size series, manufacturing practices or 
process limitations. Consequently, we will find very often 
that the analytically determined optimum could not be 
translated into actual design without further adjustments. 
The question, however, which of several alternate possi- 
bilities would come closest to the optimum, can only seldom 
be answered by the classical analytical method and in any 
case will require additional calculations. 

To deal with cases where restrictions are imposed, we 
have available a modification of the classical analytical 
method, in which use is made of Lagrange’s undetermined 
multipliers. Any arbitrary number of restrictions can be 
imposed, but the mathematical complications rise rapidly 
beyond practical limits. 


(2) Method of Steepest Ascent 

This method, widely used in experimentation, can also 
be applied to design optimisation. Let us imagine the rela- 
tion between the optimisation parameters as a multi- 
dimensional surface with the profit as a dependent variable. 
The method will seek out the peak of the surface closest to 
the starting conditions by progressing incrementally in the 
direction of the maximum gradient. The difficulty in the 
mathematical solution is considerable and this method is 
presently not very popular. 


(3) The “Case Study Method” 


The mechanics of solution by what we may term as “case 
study method” are the simplest possible: a set of complete 
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design solutions for the equipment units involved are 
obtained at selected values of the optimisation parameter, 
judiciously scattered around the expected optimum point. If 
the first set of assumed values did not include the optimum, 
it has probably indicated the trend, and subsequent selection 
will be progressively more accurate, until the optimum is 
reached or its position can be constructed as inflection point 
of a curve. 

The final presentation of the results is by a tabulation or, 
preferably, a graphical plot of cost vs. the operational para- 
meter. To establish this relation, the solution of each case, 
i.e., the design to each assumed value of the optimisation 
parameter, must be subjected to an individual economic 
analysis, This will consist, essentially, of establishing all the 
factors required for the solution of the operating cost equa- 
tion: the initial equipment cost and the operating and 
maintenance cost. While the procurement of such values for 
each case individually will have the disadvantage of being 
inherently tedious, the accuracy of the calculation can be 
carried to any desired and individually controllable level. 
This is in particular contrast to the analytical method, which 
will permit only generalised cost definitions. 

The result of these calculations will be a curve in case of 
completely continuous relations between the variables, or a 
step-function, in case of dimensional or other restrictions. 
The eval. ‘-n of the results will include not only the 
primary ob) ‘ctive of establishing the optimum design, but 
the cost curve will deliver, in most effective form, informa- 
tion about the relations between the overall cost and the 
optimisation parameter throughout a wide range of potential 
solutions. 


Critique of Optimisation Methods 

Let us now compare some of the outstanding properties 
of the optimisation methods, 

The analytical method will deliver the mathematically 
most elegant solution, but will also have severe limitations: 

(1) It requires that the functions involved be differen- 
tiable. This presents a problem when we deal with 
discontinuous or for other reasons not differentiable 
functions (e.g., LMTD correction factor). 

(2) In many cases it will be necessary to introduce only 
simplified relations between the equipment cost and 
the operational parameters in order to keep the com- 
plications of solution within limits. 

(3) The result will be a single point solution which will 

not give any indication about the shape of the 
optimum surface, i.e., direction in which eventual 
deviation should be made. 
This method cannot deal with cases involving un- 
predictable deviations from original assumptions 
such as changes between laminar and turbulent flow. 
It is the only method which can handle more than 
two simultaneous variables. The difficulties in the 
mathematical solution will, however, increase rapidly 
with the number of variables, particularly if the 
method of undetermined multipliers is used or when 
we deal with groups of equipment. In such cases a 
special solution and programme will have to be 
developed for each particular problem. 

The case study method is exceptionally well suited for 
computer use. 

Let us assume that a general programme for designing 
certain process equipment is available. Then this same 
programme can be used for optimisation calculations simply 
by solving the design for several values of the optimisation 
parameter. Any of the operational parameters and their 
combination can be subjected to optimisation with the same 
general programme and without any additional program- 
ming as long as such parameters appear as input variables 
in the programme. 


(4 
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Fig. 3. Optimum air cooler design. 
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Fig. 4. Cost analysis of air cooler (four-tube row 
construction). 


The complete economic calculations, including an 
unrestricted unit cost estimation, can also be included as a 
part of the computer programme. Moreover, as the design 
solution to each value of the operational parameter was 
subjected to restrictions inherent to any particular situation, 
these solutions will be real and directly eligible for final 
selection, An example is presented in Appendix 1. 

A particular advantage of the case study method is that 
even groups of various equipment units appearing in process 
circuits can be optimised by this method without develop- 
ing a special programme. So compressor and inter-cooler 
optimisation can be accomplished by the use of separate 
compressor and heat exchanger programmes. i 

An example of optimising the combination of an air 
cooler and water cooler shell and tube heat exchanger by 
using two separate programmes is given in Appendix 2. 

Presently, for the evaluation of multiple units systems 
with a common parameter, separate programmes followed 
by a graphical interpretation are being used. This is. how- 
ever, not a functional, but rather a technical limitation of 
the method. 

As computers with larger memory storage capacities will 
be available, several equipment design programmes can 
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be working simultaneously, hooked up with only a simple 
common logic of optimisation. 

A serious limitation of this method is that it almost 
unconditionally requires a graphical form of result repre- 
sentation which is limited by the restrictions inherent to our 
three-dimensional space. Fortunately, many engineering 
design problems will deal with not more than two simul- 
taneous variables, or most of those that do can be reduced 
to such cases by assuming selected values for the higher 
degree variables. 


Appendix | 
Optimum Design of Air Coolers 

In designing an air cooler for a given temperature and 
duty, there are a large number of possible solutions, with 
the air velocity and the depth of the coils (number of rows) 
being the variables. The higher the air velocity, the higher 
will be the air film coefficient and the smaller unit will be 
required, but, also, the higher will be the pressure drop 
and the work required of the fan. Higher numbers of rows 
will permit the concentration of large heat transfer areas 
in small units, requiring less expense for structures. The 
film coefficient will (at least for induced draught) increase 
with number of rows as a result of better turbulency. Con- 
sequently, it is favourable to use a high air velocity and a 
high number of tube rows, until restricted by (a) too high 
pressure drop, for which no suitable fan is commercially 
available; (b) the saving on exchanger cost is offset by high 
initial and operating cost for the fans. 

The optimisation of air cooler design by an analytical 
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Fig. 5. Economic analysis of air cooling. 
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method has been shown by Kern.5 

Expressing the total yearly cost for y (years) payout time 
as a function of the heat transfer area A, the pressure drop 
AP and the air flow W in terms of the operational variables 
V and N, we get, after differentiation, two simultaneous 
equations from which the optimum value of the parameters 
can be determined by a trial-and-error convergency. If the 
optimised design does not fit to commercially available 
units, adjustments will have to be made, but the analytical 
method will not indicate in which direction the change will 
be preferable or how much such deviation will cost. 

The basis for solving this problem by the case study 
method is a design solution of the air cooler for a series of 
given air velocities and number of tube rows. The engineer 
setting up the data will specify the lower and upper limits 
of V and N and the computer will automatically supply 
solutions of all possible combinations between these 
variables. The cost of each unit, including air fans, is esti- 
mated in the computer by solving a set of predetermined 
cost equations which can be made much more accurate than 
the generalised correlations used, by necessity, for the 
analytica! method. 

Solution of an example as supplied by the computer is 
shown in Fig. 3, plotted as yearly cost vs. air velocity with 
number of rows in parameter. The curves do not show any 
consistent pattern due to the fact that non-practical solu- 
tions have been eliminated by the computer and adjusted to 
actually available units. The optimum falls into the 450- 
600 ft/min range, which coincides with the general predic- 
tions of the analytical method. One case (four-row design) 
is broken down in the cost components in Fig. 4. The effect 
of pay-out time is also demonstrated, showing a shift to 
lower velocities with increasing pay-out time, i.e., toward 
designs with larger initial cost and smaller operating cost. 


Appendix 2 
Optimised Selection between Air vs. Water Coolers 

The example problem is to cool a hot oil stream from 
200°F to 100°F, This can be done by air cooling, water 
cooling or a combination of both. The economic decision in 
favour of any one of the possibilities will depend upon a 
number of process conditions (the temperature range of the 
hot fluid, inlet temperature and permissible rise of the cool- 
ing water, ambient ternperature of the air) and some overall 
economic factors, in particular the cost of supplying the 
cooling water. 

For our example the cooling tower cost, including sup- 
porting facilities of $2200/MBtu/h, was assumed and 5% 
make-up water was required at a cost of $0.12/1000 gal. 
Pay-out time of two years with 10% interest rate on invest- 
ment was set. 

Complete design calculation for air coolers for three am- 
bient air temperatures of 75°F, 95°F and 105°F were ob- 
tained from a computer programme for various heat duties 
keeping the hot inlet temperature constant and decreasing 
the hot outlet temperature up to the full cooling range. 
The economic analysis of each design was automatically 
supplied by the computer programme and results plotted 
against the hot outlet temperature in Fig. 5. The intercepts 
of these curves with the given hot outlet temperature shows 
the cost of the cooling by air alone. Notice that the 105°F 
ambient air temperature will intercept at an unrealistically 
high cost, thus making the use of a trim water cooler 
mandatory. 

The cost of the water cooler was also determined from a 
computer programme, but this time the hot outlet tempera- 
ture (100°F) was kept constant while the heat duty was 
varied by changing the hot inlet temperature for the full 
range. The cost of the heat exchanger alone was raised only 
slightly despite the large differences in the total heat duty, 
as these were offset by the increasing temperature dif- 
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ferences. However, the amount of water with the corres- 
ponding charge for the cooling tower facilities was propor- 
tional to the heat amount transferred. The intercept of the 
curve with the given hot inlet temperature determines the 
cost if water cooling is used. 

For the 75°F air ambient temperature, total cooling by air 
is preferable by a wide margin. For 95°F the total air cool- 
ing would require slightly higher cost than total water 
cooling, but the combination of air and water cooling with 
about 130°F trim temperature is the economic optimum. 
For 105°F ambient temperature total air cooling is impos- 
sible and the air-water combination with about 145°F trim 
temperature shows a distinct economic optimum. 


Each of the air cooler designs taken as a basis for this 
evaluation was by itself an optimum design with respect to 
air velocity and tube row depth as supplied automatically 
by the computer programme. 
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Calculating Thickener Areas with Unknown Solid Content Suspensions 
by A. BANIEL, L. BLUM and A. SEROUSSI* 


T has been found possible to compute thickener areas 

from standard settling tests without reference to solids 
content of feed pulp or of underflow. This result, of 
practical importance in the case of pulps containing strongly 
hydrated solids, is achieved through a simple algebraic trans- 
formation of currently used formulz. 

Solid to liquid ratios intervene in all currently used 
formule for deriving thickener areas from batch settling 
tests. This is the case in particular for the procedures pro- 
posed by Coe and CLEVENGER’ and for the procedure pro- 
posed by TALMADGE and FitcH which is based on KYNCH’s 
analysis of settling.’ 

In laboratory settling tests we only observe the evolution 
in time of the relationship between the height of the clear 
column to the height of the thickened column. Solid 
contents do not enter into these observations at all. It 
should be possible, therefore, to reduce formule applying 
the results of settling tests to forms wherein only observed 
magnitudes intervene, i.c., column heights (or volumes if 
the cross-section of the vessel involved is uniform). 

Let us take the Kynch formula as example. It may be 
written as? 


— = 
~ CoHe 
where ft, = time in days; 

H. = initial height in meters; and 

C. = initial solid to liquid ratio (t/m’*). 
Let A, be the area per 1 m’ of feed. The daily feed volume 
V may be known independently of the true solids content. 


m? per ton solids per day 


-s 
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The required minimum thickener area will be VA». If T 
is the total quantity of solids fed per day (and which may 
not be known) the same minimum area is also AT. 

By replacing C, by T/V and equating AT = VA», we 
find : 

tu Vtu 
A, = i. or VA, = He 
The Coe and Clevenger formula may be similarly trans- 
formed. The same obtains for the usual correction for a 
compression zone of 3 ft depth. 

Expressed in terms of volumes, the formule reflect 
directly empirical observation and their use is less subject 
to errors through the introduction of solid to liquid ratio. 
This entity, appearing in the denominator, introduces un- 
certainties in the current practice of computing thickener 
areas when the solids content is small. In many cases, such 
as clays, various effluent sludges, hydrated alumina, it is 
difficult to determine solids content with precision. The 
authors were led to evolve the proposed transformation 
through their studies on the settling of liquors obtained by 
digesting phosphate rock with hydrochloric acid. 

It is suggested that formule based on volumes only 
should be considered as fundamental in thickener area 
computation. The introduction of throughputs of solids is 
optional and should be treated separately. 
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THE TREATMENT OF 





NITRIC ACID PLANT TAIL GAS 


An outline of the most recent catalytic combustion technique for 


eliminating nitrogen dioxide 





by W. FLETCHER, F.R.I.C.* 


N exhaust plume varying from yellow to reddish brown 
Ain colour commonly shows the presence of a nitric acid 
plant or nitration process. The colour arises from the 
presence of NO, left unabsorbed and unreacted in the 
absorption section of the nitric acid plant. The tail gas 
from the absorption tower usually contains 0.3-0.5% NO: 
and 2-4% of excess oxygen, the balance being nitrogen. 

The presence of the NO; in the tail gas creates a corrosion 
and atmospheric pollution problem locally and is claimed 
to promote smog formation over wider areas than the 
immediate neighbourhood of the plant. With statutory 
requirements and clean air legislation to be complied with, 
work has been carried out (mainly in the U.S.A.) on the 
reduction by catalytic means of the offensive NO, content 
of tail gas to inert nitrogen. 


Processes 

In some plants the tail gases are cleaned by scrubbing 
with caustic soda solution in a packed column, producing 
a mixture of sodium nitrate and sodium nitrite. Since this 
mixture requires separation and raises problems of disposal, 
the process has a limited application. 

An alternate process is shown in Fig. 1, which is a flow 
diagram of a typical arrangement for carrying out the 
catalytic reduction. In this process the tail gas leaving the 
absorber has a composition: nitrogen oxides—as NO*—0.3- 
0.5% v/v, oxygen, 2-4%, nitrogen the balance, is at a tem- 
perature about 30-35°C and at a pressure of up to 90 psig 
according to the process used for nitric acid manufacture. 

As the temperature required for initiation of the catalytic 
reduction is between 149°C for hydrogen fuel and 400°C 
for methane, it is necessary to preheat the tail gas before 
adding the fuel. This is done by heat exchange with the hot 
process gases in the nitric acid plant. 

The reduction is carried out by mixing the tail gas with 
a quantity of fuel gas slightly greater than stoichimetric 
requirements and burning the mixture on a catalyst bed 
when the following exothermic changes occur : 

CH, + 20, = CO, + 2H.0 
2NO, + CH, = CO, + 2H20 + Nz 
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The significantly large quantities of heat produced are 
recovered, either by a waste heat boiler in the form of 
steam or by a gas turbine or a combination of the two. 


Fuels 

A wide range of fuel gases may be used, including hydro- 
gen, natural gas, petroleum gases, coke oven gas and carbon 
monoxide. Of these, hydrogen is preferred when econo- 
mically available, as it operates at a lower initial tempera- 
ture than methane and other hydrocarbons, and gives a 
better overall performance in NO, reduction. 

The quantity of fuel used is slightly in excess of that 
theoretically required to reduce the O2 and NO: present. The 
amount of fuel is also limited by the upper temperature 
limit the catalyst used will tolerate. Where a single-stage 
operation would exceed this limit, two stages are used with 
intermediate cooling, and the fuel is divided between them. 


Catalysts 

Four types of catalyst are in use. The first’ consists of 
platinum group metals deposited on alumina spheres or 
pellets. The maximum allowable bed temperature is given 
as 816°C (1500°F) and for each percent of oxygen in the 
feed gas a rise of 130-139°C (235-250°F) occurs with 
methane as fuel and of 150-161°C (270-290°F) with 
hydrogen. 

The temperature required to initiate reduction is 149°C 
with hydrogen and 399°C with methane. The maximum tem- 
perature rise permissible is, therefore, 816 — 150°C = 
666°C and this corresponds to a limit of reduction of 4.4% 
O, using hydrogen fuel. 

With methane fuel the maximum bed temperature rise 
is limited to 816 — 399°C = 417°C and the oxygen range 

417 ~ 
to 130 ~ 3.2% Onc. 

Reported space velocities lie between 30,000 and 60,000 
cu ft/hr/cu ft catalyst (0°C, 14.7 psig) with increase in 
pressure favouring the higher figure. Gas velocity is chosen 
to obtain a reasonable pressure drop across the catalyst bed, 
values of 2-3 psig being used. 

Starting with tail gas containing 0.3-0.59% NOns, residual 
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values of 50 ppm are claimed, and with hydrogen as the 
fuel to produce pure nitrogen, concentrations of the order 
of 5 ppm are reported. 

The life of the alumina-based catalyst should be in excess 
of one year, but the catalyst chamber should be carefully 
designed to avoid abrasion from gas velocities that are too 
high. Temperature limits should also be strictly observed 
and bed temperatures are usually automatically controlled. 

A second catalyst,’ which consists of a deposit of platinum 
metals on ceramic pellets, has an ignition temperature of 
150-200°C with hydrogen, and 400-430°C with natural gas. 
A maximum bed temperature of 1500°C and a residual NO, 
value of 10 ppm in the treated tail gas have been reported 
with this catalyst, with the space velocity at 50,000° and a 
catalyst life of between two and five years. 

A Russian source reports the use of a nickel copper 
catalyst on a carrier at 500-600°C, claiming complete 
destruction of NO, using hydrogen as a fuel.* 

An interesting development by an American company 
is all-metal construction using a deposit of precious metals 
(platinum, etc.) on crimped 80 Ni 20 Cr. alloy ribbon.’ The 
ribbon is folded into mats which are built up into catalyst 
beds; these may be firmly fixed in a catalyst chamber and 
are also light in weight. 

This construction is free from the “spalling” encountered 
with other types of catalyst, and since it has high conduc- 
tivity and is light in weight it responds rapidly to tempera- 
ture changes. This renders indication and control relatively 
easy. The ribbon catalyst is rated for continuous operation 
at 870° (1600°F), which is somewhat higher than that 
claimed for the pellet types. 

Initiation temperature for the ribbon catalyst is 400°C 
(750°F) with an upper inlet temperature limit of 580°C 
(1060°F). Temperature rise is given as 110°C for each 1% 
oxygen in the feed gas. This would limit oxygen content of 
(870—400) 

110 
of up to 120,000 are used with this catalyst. 


feed gas to = 4.3% maximum. Space velocities 


Design of Reactors 

Reactor design is dependent on space velocity, pressure 
drop, limiting temperature, oxygen and NO, in feed, fuel 
available, -and whether the energy available is to be 
recovered by steam boiler, gas turbine or a combination 
of the two. 

The volume of the catalyst will be obtained from the 
space velocity and the volume of gas to be treated. The 
diameter of the catalyst bed is calculated from the catalyst 
volume and permissible pressure drop. Here the ribbon 
catalyst results in more compact design than the pellet types. 

Nitric acid plants operate according to their design, at 
pressures of 1-8 atm. Higher pressures result in smaller 
sized units per ton/day HNO; capacity. Space velocity of 
tail gas catalyst also increases with increase of operating 
press'ire and economics favour high-pressure operation. 

As previously stated, the O. + NO, content of the feed 
gas will determine the amount of fuel required to produce 
a colourless effluent gas. The temperature rise per cent of 
oxygen for the fuel used and the upper temperature limit of 
the catalyst will fix the operating temperature. Where the 
catalyst bed temperature rise would exceed this upper limit, 
the reduction is carried out in two stages, with intercooling 
usually in the form of a waste heat boiler. In such cases it 
is convenient to divide the catalyst into two equal parts. 

Gas flow through the catalyst bed should be so directed 
as to avoid damage by abrasion between pellets, downhill 
flow being usually preferred by designers. This limitation 
does not, however, apply to the ribbon catalyst. To secure 
efficient mixing of the fuel gas and process gas streams it is 
desirable to sparge in the fuel well upstream of the catalyst 
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Fig. 1. Flow diagram of nitric acid tail-gas reduction process. 


chamber, otherwise high local concentrations of fuel will 
produce hot spots in the catalyst which in turn will cause 
damage by spalling or melting. 

Catalyst containers and supports are exposed to severe 
conditions of temperature, and materials of construction 
are therefore chosen from nickel alloys and stainless steels 
with good mechanical properties and resistance to creep 
and corrosion, 


Other Design Features 

The choice of means of recovering the thermal energy 
produced in the catalyst chamber will depend on local 
factors. If the nitric acid plant is part of a large chemical 
complex where steam is in demand, the waste heat boiler 
may be preferred. In the case of an independent fertiliser 
plant a unit self-supporting in energy requirement is pos- 
sible by using both waste heat-boiler and gas-turbine. 

Gas-turbine operation in this field is at present limited to 
inlet temperatures of 900-1100°F. As exit gases leave the 
catalyst at temperatures up to 1600°F some reduction is 
essential before they enter the turbine. This may be achieved, 
where power recovery is the paramount factor, but passing 
part of the feed gas around the catalyst so that on re-mixing 
the stream temperature is acceptable to the turbine. 

Where both steam and power can be utilised, the practice 
of cooling the gases from 1600°F to 900°F in a waste heat 
boiler is followed. The gas turbine may then be used to drive 
one end of a compressor shaft, whilst the steam from the 
waste heat boiler drives the other. 

The economics of tail gas reduction will depend on the 
individual factors operating at a plant, such as tail gas 
composition, operating pressure, whether power recovery 
or reduction in oxides of nitrogen is of paramount impor- 
tance. For a nitric acid plant operating under 
pressure at 100psig the following are approximate 
values. A 200 ton/day nitric acid unit with a tail gas volume 
of about 20,000scfm would require a catalyst charge costing, 
say, £5000/£7000 and a full installation of catalyst, catalyst 
chamber, waste heat boiler, piping and controls would cost 
between £50,000 / £75,000 according to specific requirements. 

The use of catalytic combustion for the removal of 
offensive material in process gases is a recent development 
and experience is still being accumulated by designers and 
operators. There seems little doubt that under the impetus 
of clean air legislation the field of application will broaden 
and the application described here illustrates only one 
choice out of a wider range of possibilities. In our densely 
populated island such contribution to the improvement of 
atmospheric conditions in industrial areas will no doubt be 
universally accepted. 
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SPRAY DRYING OF 
PIGMENT SLURRIES 


GAS 
JRBINE 


Use of spray drying is extending to materials hitherto dried by other 
methods. This article describes work carried out with a single fluid 
atomiser drier of unconventional design 


by Ing. G. KIRALY* 








TOMISATION in stationary single-fluid nozzles is 
obtained by forcing the liquid under high pressure f, : 
through small orifices, a swirling motion being imparted to “> 
the liquid by virtue of the shape of the nozzle. ——s 

In the following simplified analysis of the action of the 
hollow cone spray nozzle, the motion of the liquid may be : 
considered to be caused by two components of velocity, one 
axial and the other rotational. 

As a result of the rotary motion, a liquid annulus is ‘, 
created in the tube of outside diameter 2r and inside diameter 
2a = 2re. According to data taken from the literature, Vax 
» has a value of 0.8. The area cross-section of the liquid 
is then zr? (1 — ¢*), and if V m* sec. is the amount of liquid 
discharged in unit time, then the axial flow rate is 18 

Vaz = V/ar* (1 — ¢*) m/sec. 

If in the 90° eddy area of the sprayer, the peripheral 5 3} 
velocity at the wall of the conical section is assumed to be és 
constant, then the feed rate, v», should be equal to the tan- 
gential outlet rate v;. The tangential discharge rate is given K=1:200 ~ 


by: Lee) 
, (=) 
Ve = VD = —— : 
a°nr 


where a is the diameter of the inlet orifice. 


The centrifugal force C and the power N; can be cal- 
culated from the tangential outlet rate: 


_ Ve vy? 
gt * (e+ Dr/2 
= 2Vp » n/g kg 
whence N; = Cy, = 2Ver v?,/g m kg sec! 
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From the definition of surface energy, the energy required q ; yy , 
to produce the new surface established by the atomising wo “ + 
nozzle e 5 

=~ 60 / pid 4 ( ; 
per unit mass flow rate of liquid where d is the surface mean B=22°30' 





diameter (diameter of drop whose specific surface is equal 
to that of the entire spray), 7 is the liquid surface tension, 
kg m~', and p is the liquid density in kg/litre. If the 














Fig. 1. Diagram of high-pressure spray nozzle with 
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Fig. 2. Drop diameter atomiser throughput and fluid 
specific gravity relationship. 
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Fig. 3. Chart for determining drying period, given drop 
diameter and settling velocity. 
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atomising is considered to be due entirely to the rotational 
motion of the liquid, then: 
N: = 60V/d 
For an atomising nozzle of given diameter, a relationship 
between the values of drop diameter and nozzle output can 
be obtained from the expressions for the tangential effect 
and from the tangential outlet rate: 


30 sy ( -) 3 
d g \a? x, 

For the nozzles of Fig. 1, this relation is shown by Fig. 2. 
When V = 10 ml/sec. (10-5 cu m/sec.), the minimum drop 
diameter is approximately 18 ». 

Let the varying axial rate of the drop be denoted by v, 
the value of which decreases during the elapse of time ft 
along the distance s, from the initial value of vo = vez to 
zero. Then: 


viond?x d*xp dv 

2¢.4 — 6g dt 
where the negative sign refers to rate decrease. According 
to Allen, the value of constant c is 


Vod el 

rv 
where vy is the kinematic viscosity in m* sec~' and » is the 
dynamic viscosity in kg m= sec™. 

On substituting, separating the variables and integrating 
between the velocity limits, we obtain: 


° dv 
Pa e *. 


c = 18.5 Re~®**, where Re = vod = 
Vv 


vos oy 


to 
d** [ra 


oS oy 


13.9 


2.5 vax~** = 13.9 


From this, the time to decelerate to zero velocity is: 
d'6 > 


pos o, 


ty = 0.18 —04 


+ Vax 


For drops of 18 microns in diameter and for nozzles of 
the dimensions shown in Fig. 1A, we obtain for vez the value 
of 35.2 m/sec.; taking d = 50» and »/p = v = 1.3 10° m/ 
sec., the value for f is thus = 5.63 10-* sec. Finally, assumed 
that the deceleration of the drop is constant, the distance 
travelled before it comes to rest is 99 mm. 


A Spray Drying Problem 

The following is a typical problem. A thick flowing, 
aqueous suspension of a specific gravity of 1.5 to 2.0kg/I 
is to be prepared from a pulverised mineral of a specific 
gravity of 5.7 to 69kg/l and dried by spraying into 
a direct-current hot air flow stream. The required output 
of an experimental sprayer with an atomising pressure 
of 6 atm was 0.036 cu m/hr or 54 kg/hr of slurry. Since the 
slurry contains 60% by weight of water, 32.4 kg/hr of water 
were to be evaporated in order to obtain a residue of 
21.6 kg/hr of dry pigment powder. This output corresponds 
to that of a large-scale laboratory experiment. 

Required : 

(a) heat requirement of the drying process; 

(b) temperature limits; 

(c) velocity of drying air; 

(d) quantity of drying air; 

(e) duration of the drying period; 

(f) diameter of the sprayed drop; 

main dimensions of the equipment. 


The heat required for the evaporation is 5.5 kcal/sec. If 
the air used for drying is at 200°C and is cooled to 120°C, 
0.226 N cu m/sec. of air are required, At the mean operating 
temperature of the plant, this is equivalent to 0.358 cum 
sec. of air. 

The diameter of the drying column was fixed as 300 mm. 
Hence the mean air velocity is 5.04 m/sec, and the residence 
time of air in the column is 0.8 sec. 

For the determination of drop diameter, the knowledge 
of the period of drying of the drops is required, which, in 
turn, requires knowledge of the rate of surface heat transfer. 
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Fig. 4. Experimental spray drier and proposed layout of large-scale spray drier. 





As this latter is a convective process, the settling velocity of 
drops must be determined. 
The limiting settling velocity vo can be obtained from 


voor xd? _ mod’ 
‘i 6 
where resistance factor c for the Reynolds numbers of 
4< Re < 400 is given by 
= 18.5 Re~** 
Substituting, and solving for vo, gives 
1-6 0-715 
% = E — add m sec.—1 


The convective heat-transfer rate can now be determined by 
the expression given by Kudriashev. 


= 2+ 0.33 Re®5 kcal/m? hr °C* 
T i 
where k = 0.02 (7) = 25.2 10-* kcal/m hr °C 
0 


For determining the period of drying, the weight of water 
per unit surface of drop is required : 


0.6 nd? 
We = Eh 


Since the heat needed for heating the dry substance can 
be neglected, the total heat requirement can be considered 
as heat of evaporation. In this case, the period of drying 
can be calculated from 


= 150 dkg m-? 


__ We 600 
~ Ae At 


From the settling velocity and the drying period relation- 
ships one finds that their logarithms are each proportional 
to log drop diameter. This is expressed graphically in Fig. 3, 
which allows drying period to be estimated rapidly, given the 
values of the remaining variables. 

Thus drops of 95.10-* m diameter, i.e., 95 », can be dried 


t 3600 secs 





November, 1960 





in the proposed column, but this cannot be said of particles 
of greater diameter. The particles of the above size have a 
drying period of 0.85 sec, and a settling velocity of 0.38 
m/sec. Hence, since the air velocity is 5.04m/sec the 
actual particle velocity is 5.04 — 0.38 = 4.66 m/sec, con- 
sequently the residence time is 4/4.66 = 0.86 sec, which is in 
fair agreement with the value of 0.85 sec obtained from 
Fig. 3. Since particles of a diameter less than the limiting 
value are to be sprayed, the dimensions selected for the 
column are satisfactory. 

The total heat required for raising 0.358cu m/sec of 
drying medium from 10°C to 200°C is 56,000 kcal/hr. 


Experimental Spray Drying 

Drying experiments were carried out in the equipment 
shown in Fig. 4. The spraying and drying operations were 
conducted in a column of 300 mm inner diameter and 
5 m overall height (11). In order to minimise heat losses and 
adhesion to walls, the column was thermally insulated over 
its entire surface. The column outlet is attached by a knee 
joint to a horizontal pipe section, which latter includes an 
orifice (5) for measuring the flow rate of drying air. Before 
the horizontal pipe section, a blower for secondary air (1) is 
installed, the output of which can be controlled within 
broad limits by the butterfly valve (3) located on the suction 
side. The flue gas duct of the combustion chamber (4) heats 
the air for drying, and is connected with the horizontal pipe 
section. The amount of fuel was measured by the orifice 
flowmeter (7), the primary air for combustion was supplied 
by fan (2), the pressure pipe of which was equipped with 
another metering orifice (6). 

The atomiser was fixed to the end of a rigid inlet tube (8) 
in the centre line of the column. In order to allow the spray 
to be observed, a mica window was located in the wall of 
column, on the same level as the sprayer. The slurry was 
introduced into the nozzle through a jacketed container (9), 
equipped with two outlet connections, one of which was 
attached to the sprayer and the other, through a pressure 
control valve, to the pressure source nitrogen cylinder (10). 
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The gas inlet tube (11) projected deeply into the container 
in order to attain a fair admixture of pressure gas to the 
slurry and to avoid sedimentation. To heat the slurry, it 
was possible to switch the jacket of the container to the 
gas mains, and sedimentation chamber (12) was located in 
the upper part of the column for collecting the dried sub- 
stance. From this chamber, the drying medium left the 
system through a water seal (13). Sampling was carried out 
with the use of a fan (14) with an output of 70 cu m/hr, 
which proved adequate for this purpose. 

Dimensions of the nozzle are shown in Fig. 1A and the 
value of ¢ determined from the pressure drop and through- 
put came to 0.49. 


The Results of Experimental Spray Drying 

Samples of dried pigment powders produced in this drier 
contained 0.1 to 0.4% of moisture. Sedimentation tests 
proved that 65 to 78% of the samples consisted of particles 
of diameter below 20z. 

From the measurements made, the heat balance of the 
process was as follows: 

Heat of drying and heat losses of the 


insulated column hie 24,400 kcal /hr 
Heat loss due to drying medium ... 43,400 kcal/hr 
Heat loss due to uninsulated pipeline 10,700 kcal/hr 
Heat loss 6f combustion chamber ... 5,300 kcal/hr 
Total heat used 83,800 kcal/hr 


Hence 24,400 kcal/hr were utilised of the total heat in- 
vestment of 83,800 kcal/hr, corresponding to a thermal 
efficiency of 29%. 


NEW publication, devoted exclusively to the realm of 
low-temperature engineering and research, has just 
been launched by Heywood & Co. (London and New 
York), the publishers of BritisH CHEMICAL ENGINEERING. 

The new publication, called simply “Cryogenics”, will 
appear quarterly and its contents will consist of original 
papers covering all fields of cryogenic science and tech- 
nology together with brief technical notes, correspondence, 
book reviews and a bibliography listing all the important 
papers and articles in this important sphere. Another feature 
of the journal is the abstracts of the papers which appear 
in English, French, German and Russian. 


International Panel of Editors 

The new journal is being produced under the joint editor- 
ship of Dr. KuRT MENDELSSORN, F.R.S., of the Clarendon 
Laboratory, Oxford; R. B. Scott, chief of the N.B.S. Cryo- 
genic Engineering Laboratory, Colorado; and Professor L. 
Wet, of the Institut Fourier, Grenoble University. In addi- 
tion, a panel of twelve experts resident in Australia, Bel- 
gium, Canada, Czechoslovakia, Germany, Holland, India, 
Israel, Italy, Japan, Sweden and Switzerland act as 
advisory editors. 

Among the topics dealt with in the current issue are a 
Joule-Thompson helium liquefier and some problems on 
the design of such liquefiers. In this paper its author, D. H. 
PARKINSON, of the Royal Radar Establishment, Malvern, 
Worcs., gives details of a helium liquefier which uses liquid 
hydrogen and liquid nitrogen as the refrigerating media; 
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Summary 
Of the possible modern methods, the spray-drying process 
appears to be well suited for the drying of pigment slurries. 
It was found that all the pigment slurries subjected to 
drying could readily be sprayed by the technique evolved 
for moisture contents in excess of those reported for the 
experiments, 

The temperatures applied and the impurities of the drying 
medium did not reduce the quality of the pigment powder 
produced. 

The pressure atomiser used in the spray drier proved to 
be suitable for a pressure of 6 atm. On adequately adjusting 
the conditions of spraying, it was often possible to produce 
dry powders of particle sizes which made the subsequent 
disintegration of the product unnecessary. 
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the aspects of design and operation discussed include the 
heat exchange system, the hydrogen bath conditions and 
the handling of liquid helium. The paper also focuses atten- 
tion upon unusual aspects of design, such as the use of the 
Collins and space-wound cross flow exchangers above the 
liquid nitrogen and liquid hydrogen baths. 


Heat Transfer through Evacuated Insulants 

Also included in the issue is a paper dealing with recent 
improvements in low-temperature insulants. Its authors, 
A. H. Cocxetr and W. Mo nar, of British Oxygen Research 
& Development Ltd., London, examine theoretically the 
modes of heat transfer through evacuated insulants, an 
analysis which they apply to experimentally determined 
thermal conductivities in order to separate the heat trans- 
ferred by conduction from that transferred by radiation. 
One of the insulants shown to possess low thermal conduc- 
tivity consists of aluminium foils separated by mesh 
material. 

From the Clarendon Laboratcry, jointly with A.E.A., 
Harwell, appears a paper dealing with the effect of radia- 
tion on thermal conductivity of superconductors. This 
paper, written by K. D. CHAUDHURI, K. MENDELSSOHN and 
M. W. THompson, reports the effect of neutron irradiation 
on the thermal conductivity of niobium and vanadium single 
crystals at low temperatures. The measurements were 
carried out in both superconducting and normal states 
where conduction is due mainly to phonons and electrons 
respectively. 
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DIFFUSION IN DILUTE SOLUTIONS 
—-A NEW CORRELATION 


A simple method of estimating liquid diffusion coefficients makes use of 


a modified Schmidt group 


by S. H. IBRAHIM and N. R. KULOOR* 


HE diffusion coefficient appears as an important variable 
Tis the quantitative treatment of mass transfer in liquid 
systems. Mass transfer in absorption solvent extraction, 
distillation and other diffusional operations need basic 
data. The role of diffusion coefficients in various diffusional 
operations has been discussed by Sherwood and others.® 
The diffusion data are meagre in the literature and are not 
available for many systems encountered in chemical 
engineering operations. 

No completely theoretical equations for estimating the 
diffusion coefficients are available in the literature. In the 
absence of reliable experimental data and a useful theoreti- 
cal approach, one has to make use of dependable generalisa- 
tions which permit the solving of each individual problem. 
Thus empirical and semi-theoretical methods of estimating 
physical properties play an important role in design calcula- 
tions and for many other purposes in chemical engineering 
and applied science’; Eyring, Arnold, Othmer and 
Thakar* *5 have advanced semi-theoretical and empirical 
equations towards this direction. 

Of the equations developed, those of Wilke’ seem to be 
the most suitable and useful; the present article deals mainly 
with his method and discusses the reasons for advancing 
yet another correlation on this subject. 

The main short-coming of the earlier correlations is that 
they are represented by fairly complicated equations. More- 
over, sufficient data are not available for general application 
of these methods. There is a strong case for an empirical 
equation, with variables for which data are readily available. 
Accordingly, a simple equation for the diffusion coefficient 
of the liquid systems has been deduced from the knowledge 
of the molecular nature of a given system. 


Discussion 

From the Stokes Einstein equation” and the theory of 
the interdiffusion of dissimilar molecules’ it can be seen 
that the primary variables of diffusion coefficients are the 
shape and volume of the solute particles. The effect of 
molecular size on diffusion is discussed by Powell and co- 
workers. In an attempt to utilise these findings, Wilke” 





*S. H. Ibrahim is a Senior Scientific Assistant at the Central Electro- 
chemical Research Institute, Karaikudi, India. Dr. N. R. Kuloor is Professor 
of the Department of Chemical Technology and Chemical Engineering, 
Indian Institute of Science, Bangalore, South India. 
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Symbols Used 
D = diffusion coefficient, cm*/sec; 
= molecular weight of solute; 
Vm = molecular volume of solute; 
° = viscosity, poise; 

N’sc = in modified Schmidt number; 
Nec = oD = Schmidt number; 

Te = critical temperature; 

Tr = reduced temperature; and 

T» = normal boiling point. 











has defined a number called F = m , which he has plotted 


against molecular volume and which he uses in his empirical 
equation. In a later modification he has introduced a solvent 
factor" which improves the utility of the equation. In the 
present paper we have attempted to explain the appearance 
of this factor in these equations. 

Molecular diameter is numerically equal to the cube root 
of the molecularvolume of the liquid at its boiling point. And 
on the micro-scale the viscosity reflects the effect of molecu- 
lar motions and interaction. If these two properties are taken 
into consideration, it can be claimed that the important 
variables of diffusion—namely, the shape and the volume 
of solute molecules—have been introduced. This is the 
basis for Wilke’s development. But in our opinion viscosity 
alone is not sufficient to bring out the effect of inter-atomic 
distance. As molecular weight is closely associated with the 
molecular diameter and volume, we consider it worthwhile 
to introduce this factor into the correlations already 
available for this purpose, along with molecular volume 
and viscosity, and then to see how far it correctly repre- 
sents the data. For this purpose liberal use has been made 
of the data presented by Wilke, Othmer and Thakar and 
Arnold (loc. cit.). 

In order to introduce the molecular weight into the picture 
we have suggested a new dimensionless number, eee 

As this number is quite similar to Schmidt number, we 
can refer to it as a modified Schmidt number (N’s-). The 
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Fig. 1. Diffusion of inorganic gases in water. 
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Fig. 2. Diffusion of organic gases in benzene. 
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Fig. 3. Diffusion of organic gases in water. 





experimental values are used for viscosity and diffusion co- 
efficients. For determining molecular volume, Kopp’s law 
of addition is used based on the available values of atomic 
volumes, as was done by Arnold* and Gilliland.‘ For various 
organic and inorganic gases the values of viscosities are 
calculated in the absence of experimental values by Arnold’s 
equation.’ Even for the liquids the viscosities are taken only 
in gaseous state. For various compounds whose molecular 
weight ranges from 2-120, the N’s. values are calculated 
and plotted against molecular weight. This gives straight-line 
curves [Figs. 1 and 2 (a) and (b)] with different slopes for 
organic and inorganic compounds. From these curves an 
empirical equation of the form shown later is derived and 
various diffusion coefficients were checked for these two 
broad classifications, viz., organic and inorganic, The 
values thus obtained remarkably coincide with experimental 
values with some exceptions; wherever the experimental 
values are substituted in the equations, good agreement has 
been obtained. But in general the average error falls within 
10% (Tables I and II). Considering the fact that the avail- 
able data on diffusion coefficient are meagre, this method 
appears to be potentially useful, its simplicity being a feature 
much in its favour. Since the molecular volume can be 
easily obtained by Kopp’s Law, one factor only is required 
—viscosity of the solute in the gaseous state—to obtain 
the diffusion coefficient. 


Diffusion in Solvents other Than Water 

In liquids the molecules are very close together and are 
continually within the range of attractive and repulsive fields 
of force of neighbouring molecules. The molecules in the 
interior of liquids are attracted equally in all directions by 
their neighbours. In liquids X-ray diffraction reveals a more 
or less orderly arrangement of molecules in small groups. 
And there is no evidence that there is any organised struc- 
ture of molecules in the surface of a liquid. In the interior 
of a liquid there is no continuing force on molecules in any 
direction. At the surface of a liquid, however, there is prac- 
tically no force attracting the surface molecules away from 
the liquid. This leads to an unbalanced inward attraction on 
the surface of the molecules. A surface possesses a definite 
quantity of potential or free energy. Surface tension or free 
surface energy is due to this inward unbalanced attraction on 
the surface molecules. 


We believe that for a gas to diffuse into this liquid a 
certain amount of extra work has to be done to break 
through the extra energy barrier due to this surface. Once 
the gas penetrates this barrier, the diffusion coefficient defines 
exactly the work it has to do to pass into the liquid molecules 
in the interior of the liquid. This extra work to break the 
surface barrier is the characteristic of the solvents. Taking 
water as the reference substance, the ratio of surface tension 
of solvent to water represents the relative energy require- 
ment. As the surface tension itself defines this energy due to 
the surface, N’sc, is multiplied by the function 


Surface Tension of Water 
~ Surface Tension of Solvent * 





2 N’s- values are plotted against the molecular weight or 
N’so is plotted against 


(Surface Tension of Water) 
Surface Tension of Solvent ° 





(Molecular weight) 


The latter method of plotting is to be preferred as it 
avoids the carry-over of errors in N’so. From these plots an 
empirical equation is evaluated and used for checking the 
diffusion coefficients; each solvent requires a new equation 
which is similarly obtained. The above reasoning was 
checked for the diffusion coefficients in benzene. Work is in 
progress to study its application to other solvents. 
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TABLE I—Inorganic Gases 
Temperature 25°C 













































































| 
| No Gas M Vm Poise N’ec 
| x 107° 
1 co, 44 34 15 x 107° 320.0 1.70 E 
2 H, 2 14.3 8.8 x 1075 37.45 3.36 E 
3 NH, 17 25.8 10.0 x 10-5 152.00 1.76 E 
a N, 28 15.6 17.0 x 10-5 255.0 2.0 E 
5 HCl 36.45 30.6 15.6 x 10-° 180.0 2.64 E 
6 H,S 34 28.4 13.0 x 1075 252.0 1.41 E 
7 N, 36.4 13 x 107° 315.0 1.51 E 
8 oO, 32 25.6 20 x 10-° 215.0 2.40 E 
9 Cl, 70 48.4 14.0 x 10-° 484.0 1.40 E 
10 Br, 159.8 $3.2 x 107° 1020.0 0.90 E 
From the equation: 
11 so, oF 40.4 12.5 x 10-5 — 1.30 ee 
1.52 
12 PH; 34 38.1 10.8 x 1075 -- 1.60 OT 
1.70 T 
13 cs, 76 66.0 9.6 x 107° — 1.14 OT 
1.24 T 
14 HI 128 40.7 18.5 x 107-5 = 1.51 OT 
0.90 T 
15 HBr 80 30.7 18.2 x 107° a 1.80 OT 
1.20 T 
OT — Othmer. 
T — This work. 
E — Experimental. 
Note: The halogen gases HCI, HBr and HI are not in agreement with this correlation. 
e TABLE Il—Organic Gases 
Temperature —25°C 
No. Substance M Vm wu x 107° N’ ec D Water D Benzene 
x 10-5 x 107° 
1 Methanol 32 42.5 9.5 315 1.28 2.869 
2 n-propyl alcohol 60 81.4 7.0 655 0.87 by} : 
3 Acetylene 26 37.0 10.0 240 1.56 -_ 
a Acetic acid 60 68.4 9.0 676 0.91 1.92 E 
2.07 ry 
5 Ethyl ether 74 97.6 7.55 — No data ye ® 
1, 
6 Ethanol 46 59.2 8.50 503 1.00 —— 
7 Propylene 42 66.6 8.00 444 1.20 —- 
8 Chloroform 119.5 95.3 11.00 =- a 2.11 E 
2.00 T 
9 Butyl alcohol 74.0 103.6 7.00 930 oz? bf — 
.84 
10 Chiorobenzene (40°C) 112.5 115 8.10 — — = 
1.84 
11 Ethyl acetate 88 108.6 6.4 — —_ 2.40 Ww 
1.90 T 
12 Ethyl bromide 109 79.6 10.4 = —_ ae - 
13 Cyclohexane 84 118.2 6.4 —_ _ 1.50 Ww 
1.80 T 
14 Acetonitrile 41 52.7 11.8 a _— 28 r 
15 Methylene chloride 85 65.4 10.34 _ _ 2.00 w 
16 Methyl chloride 50.5 47.5 12.00 —_ — 3.00 w 
17 Acetone 58 74.0 7.40 _ < 2.31 OT 
2.25 T 
18 Acetaldehyde a4 51.92 9.06 -- — EY _ 
19 Bromobenzene 157 118.9 9.00 _ an 1.56 T 
1. 
20 Nitrobenzene 123 117 10.00 — — 1.84 E 
2.00 T 
W = Wilke 
T = This work. 
OT = Othmer. 
EB = Experimental. 


Procedures for Calculating Coefficients 

(1) Diffusion coefficient of inorganic gases in water 
Calculate the N’,. for known values of D. Plot against 

_ Vin _ = J 

6.5M+30 F 

(2) (a) Diffusion coefficient of organic gas in water 
Plot N’;. against molecular weight for known values of D 

—_t Yn = D 

13M—100 . 

(2) (b) Diffusion coefficient of organic gases in benzene 

Plot N’sc against 

(ST of Water) 

(ST of Solvent) 

(u Vin) 

(4.5M) 


the molecular weight or use the equation 


or use the equation 


(Molecular weight) . 


= D. 





for known values of D, or use 
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Accompanying Tables I and II and Graphs 1 and 2 (a) 
and (b) illustrate the method: 
Tb 
EA 
Equation used for calculating gaseous viscosity: 
0.00270M? 7,4 TA 
Vint * T + 1.470 


° 
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COST ESTIMATING OF PROCESS PLANTS 


by M. STOGENS 


AKING decisions on capital expenditure is one of 
M ite most exacting of managerial tasks, and when a 
new process plant is under consideration, the cost-estimate 
can be the most important factor affecting the decision, 
whether to build or not to build! The more careful the pre- 
paration of the cost-estimate and more details it provides, 
then the better the chance the new project has of going 
forward. Detailed cost-estimates give managements con- 
fidence; on the other hand when an estimate is not based 
upon up-to-date construction costs of the projected new 
plant but contains instead many “guesstimates” and at the 
same time allows large sums for contingencies, it is not 
likely to inspire confidence, 

Through lack of adequate cost data, many new processes 
may be abandoned as “uneconomic” simply because a false 
impression of their capital costs has been given. 

It is regrettable that some chemical engineers are not 
exceptionally cost-minded, and often have little idea of 
realistic costs. What must be grasped is that managements 
require reliable cost-estimates solely, because not only are 
they essential to sound investments, which must yield a high 
return on capital with the minimum of risk, but they also 
affect the future welfare of a company. 

It can be said that good cost estimates lead to disappoint- 
ment before the money is spent, rather than afterwards; they 
avoid future trouble. 

For a management the return on the capital is of major 
importance, for it reveals the attractiveness of the invest- 


ment; this can be expressed as the ratio of the total amount 
stated in the cost-estimate to the profit expected. 

When a management is considering the erection of a new 
plant, commercial competition may demand an early deci- 
sion. Therefore cost estimates too must be produced 
quickly. This means having at hand up-to-date costs of all 
types of plant and equipment as well as maintenance and 
labour costs. 

In this early stage detailed drawings are not available. 
Accurate cost estimates require a flowsheet with sized 
equipment, number, types and other details plus price 
lists, tables and graphs of prices for all types of equipment. 
It is good practice to record all the costs that one can, 
bearing in mind, that once prices for pumps, compressors, 
drives, drums, distilling towers, extruders, weighing scales, 
blenders, hoppers, fans, heat exchangers, boilers, heaters 
and so on have been accumulated, that there are some other 
costs which although only minor to the process, are impor- 
tant to the total capital costs. 

When the prices of the process equipment are known, an 
allowance must be made for structural steel work, piping 
insulation, painting and other facilities and the erection 
costs. The following are average percentage allowances to 
be added to the total process equipment cost: 

Piping and valves ... : 50%, 
Insulation ee - are Sey 10% 
Foundations nae eel 5% 
Instrument building, pump house wi 10% 


TABLE I—Costs of Completely Installed Process Equipment 


Costs of additional materials, erection costs and indirect costs. 
Expressed as percentages of process equipment costs. 





Distillation 
Towers 
100% 


Costs of process equipment 


Additional materials: 
Piping ‘ on 50 
Foundations, site work, paving és 10 
Buildings 7 cs — 
Painting, cleaning, fireproofing a 5 
Insulation Me a“ 20 
Steel structures, temp., foc. ‘< 20 
Electrical & Miscellaneous . at 5 


Miscellaneous 
Equipment 
100% 


Ex- 
changers 
100% 


45 
10 
5 
15 
25 
5 





110 
Total process equip. and materials 210 
Total erection costs ‘ 110 
Total equipment, materials and 

erection ae se Po 320 
All indirect costs ad sis wi 80 


105 


205 
85 


290 
80 80 





400 


Total installed costs 
Process equipment cost 





Ratio: 











360 


3.6 
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PRICE PER PUMP 


PRICE PER MOTOR” 








DIFFERENTIAL HEAD (psig) 





eae eee 











Fig. 1. Prices of electric motors (explosion /flame- 


proof). 


Structures wie i tia A , 
Fire proofing ae ea sie i 1% 
Electrical ... ae waa mee ie 5% 
Painting and Cleaning ... ae ; 1% 


For erection 50% of the total job price should be added. 

However, correlation factors (discussed later in this 
article) are required to take care of constructions in special 
materials such as Monel and stainless steel. In particular, 
labour costs are often underestimated; the following are 
some contractor costs for site labour per 57 hr week. 


Hour 
8/0 
6/0 
6/0 
5/6 


Foreman 
erectors 
welders ... 
chippers ... 
helpers 4/11 
labourers 4/10 


For living-out 10/- per day should be allowed. Also there 
must be added costs for: transport, insurance, overheads, 
engineering and several other indirect expenses and a per- 
centage for contingencies and price increases. 

The modern trends of automatic control results in plants 
that are very expensive. As instrumentation forms an 
important item in the cost estimate it is preferable to 
estimate instrumentation costs separately. For quick 
estimates, when detailed cost data on instruments are not 
available, the method described in a previous article may 
be used.! 

Before a new plant is built, other important questions 
have to be considered, e.g. the cost of production, operation 
and maintenance, the life of the plant, erection time, loca- 
tion of the new plant, economic breakpoint and priority 
as Many processes are developed. 

For cost estimates the erection time is of importance 
Owing to the rise in prices. At present the following escala- 
tion factors can be applied: erection time 2 years, escala- 
tion will be 5%, for 3 years as high as 7% and for 4 years 
about 10%. 

For some chemicals, e.g. ethylene, more than one pro- 
duction method is possible. Therefore it will be necessary to 
produce separate cost estimates corresponding to each 
route. The plant which will be chosen will be the one which 
cost-estimating and other considerations indicate to have 
the highest economy and efficiency at the minimum cost. 

An economic picture of a process is often required at a 
very early stage, often before the flowsheets have been 
completed. 
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Fig. 2. Prices of centrifugal pumps (cast steel /cast 
iron). 


Complete Plant Estimates 

Nine out of ten complete estimates turn out to be under- 
estimates through failure to take into account materials 
which must be used with the process materials in order to 
provide the complete plant. The same applies to erection 
costs and overheads. Some’ engineers regard ancillaries as 
being of minor importance, and they consequently overlook 
them. 

In practice it is difficult to determine prices for equip- 
ment not shown on the flowsheets, which as a rule show 
only the major process equipment. For example large pipe- 
lines are illustrated by lines only, sometimes only by dotted 
lines, a preliminary flowsheet also gives no indication about 
buildings, foundations, steel structures and supports, elec- 
trical equipment, insulation, temporary facilities, paving, 
piling (if necessary) and so on; yet all such items are 
important. 

There are several methods of preparing the final capital 
cost of chemical plant. Thus when the costs of the process 
equipment are known multiplying factors can be used, 
Factors for some types of equipment are listed below. 


Multiplying Factor 
Fob Price for Total Installed Costs 
Distribution Towers 
Process Vessels 
Exchangers ... 
Pumps 
Compressors 
Instruments ... via e 
Miscellaneous Equipment 


How these multiplying factors were obtained is shown 
in Table 1. 

In this table we see the average percentage for the 
additional materials, while we have stated the process 
equipment costs are 100%. Also given are the percentages 
for erection costs and overheads, but contingencies, which 
depend on several factors, are not included. 

Table II-1 gives the erection percentages for process 
equipment, and Table II-2 gives erection percentages for 
“minor” equipment. From this last table it can be seen 
that erection costs are considerable! 

If possible, costs for industrial buildings should be esti- 
mated separately. The total costs for several types of 
buildings are illustrated in Table III. These figures are 
average figures and must be used with caution. Also, for 
estimating building costs with confidence experience of the 
costs of a variety of buildings is desirable. 
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Another difficulty arises in the costing of high tempera- 
ture, high pressure modern plants etc. In these modern 
plants special alloys are employed; these materials are 
more expensive than normal steel. Some prices for alloys 
are given in Table IV which shows for example that inconel 
costs £1300 per ton—28 times more expensive than mild 
steel. But from Table V it is apparent that a heat exchanger 
of inconel, diameter 40 in., is 4.50 more expensive than a 
carbon steel heat exchanger. The explanation is that with 





Percentages for Erection of Equipment, when Constructed in Standard 
Materials 


TABLE Il-1 


Process equipment 


Percentage 
Distillation towers, field fabricated 75 


Distillation towers, shop fabricated 30 
Pressure vessels 10 
Exchangers, evaporators ae 5 
Pumps and drives 5 
Compressors and drives 5 
Drives, only 5 
Blowers 5 
Heaters, kilns, furnaces, boilers 20 
Reactors 10 
Instruments ; 25 
Transport equipment ; 10 
Laenders, filters, dryers 10 
Mills, crushers, extruders, blenders, centrifuges, autoclaves 15 


Other Machinery 


TABLE If1-2 
Additional Materials 


Percentage 
Pipework including valves 100 


Instrument piping 125 
Steel structures 20 
Industrial steel buildings 30 
Insulation 150 
Painting 500 
Foundation 150 
Fire proofing 500 
Brick lining in vessels, etc 25 
Transformers 40 
Switchgear, prefabricated 3 
Electric lighting 110 
Electric power 60 
Electric power and lighting (average) 75 
Buildings, concrete 100 
Temporary facilities 30 
TABLE Ill 

Costs of Buildings 
Industrial buildings, average , £4 to £5 per sq. ft 
Industrial buildings, 3-storeys 5/-to 6/- per cu. ft 
Industrial buildings, small 8/-to 10/- .. ., 
Chemical storage building 6/-to 7/- 
Compressor building 7/-to 8/- 
Large storage bui!dings, general purpose 3/-to 7/- 
Workshops S/-to 6/- 
Laboratories 12/-to 15/- 
Offices 9/-to It/- 

4/-to 5/- 


Store-houses 
Dwelling houses 
Reinforced concrete 


£3 to £4 sq. ‘ea 
100/- to 110/- per cu. yd 


Mass concrete 90/- to 100/- 
TABLE IV 
Costs of plate materials per ton 
£ 
Carbon steel 46 
13 Chromium ‘ ‘e 325 
18 Cr. 10 Ni ° ‘ as 415 
18 Cr. 10 Ni 2 Mo ‘ ae 550 
18 Cr. 10 Ni + Ti ‘ ae . . 460 
26 Cr 21 Ni , : es : 675 
67 Ni 30 Cu-monil 1000 
13 Cr 80 Ni 2 Cu-inconel ~ on 1300 
99 Ni-nickel , . 1400 
55 Ni 1S Cr 19 Mo 5 W-Hastelloy C : ‘ ; 2500 
TABLE V 


Relative Costs for different materials for heat exchangers 


Material shell Material tubes Shell diameter 
- 25” 


1 40” 
Steel steel 1 1 1 
aluminium aluminium 1.2 1.25 1.30 
18 Cr 10 Ni 2 Mo 18 Cr 10 Ni 2 Mo 2.5 3.5 7 
5 Cr} Mo 5 Cr} Mo 2 2.1 2.2 
steel 5 Cr} Mo 1.15 1.20 1.25 
steel 18 Cr 10 Ni 2 Mo 2.30 2.40 2.50 
inconel inconel 2.70 3.70 4.50 
monel monel 2.50 3 3.50 
steel hastelloy 7 8 9 
steel monel 2.1 2.2 2.3 
99 Ni 99 Ni 3 3.5 4 
18 Cr 8 Ni + Ti 18 Cr 8 Ni + Ti 3 3.5 4 
steel admiralty 1.25 1.30 1.35 

TABLE VI 

Relative Costs for Centrifugal Pumps 
cast steel/cast iron se se ee 1.00 
18 Cr 8 Ni ; 2.00 
18 Cr 10 Ni 2 Mo 2.50 
18 Cr 8 Ni + 1 Ti 2.50 
5 Cr} Mo 1.60 
12 Cr ‘ 1.75 
Monel 2.75 
Inconel 3.25 
nickel 99% 5.00 
Hastelloy 8.00 
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alloys the ultimate tensile strength may be higher, so thinner 
wall-thicknesses can be used. This is because the greater 
ultimate strength of the alloy compared with that of steel 
allows smaller wall thicknesses and therefore offers a less 
weighty exchanger. 

As Inconel is very expensive, it is economical to make 
the supports and flanges of mild steel. It is true that incone! 
is more expensive to weld etc., but not proportionately so 
On the whole labour costs remain constant or increase 
slightly with the alloy, only the alloy steel prices increase 
steeply. 

But the costing of an Inconel exchanger must take into 

account the facts that costs for foundations, steel structures 
and of erection are similar to those for carbon steel heat 
exchangers. However, a portion of the pipelines will either 
be constructed in an alloy, or is lined, therefore the pipe- 
work will be more expensive. For this reason we cannot 
use the multiplying factors shown above for special 
materials, but instead must resort to correlation factors as 
provided by the relative costs for heat exchangers in Table 
V and relative costs for centrifugal pumps in Table V1 
These data have been gathered from purchasing orders 
and must be taken as average figures. In this connection it 
is to be regretted that there is so little co-operation between 
cost-engineering staffs from different companies. Many com- 
panies have other cost data and correlation factors, multiply- 
ing factors, conversion factors and costs relative to carbon 
steel. 
Example: Required a short-cut estimate for the cost of a 
heat exchanger in Inconel with 2000 sq. ft of surface and 
employing a sheli of 40 in. diameter, given that a similar 
exchanger in carbon steel costs £2000. From Table V for 
inconel the factor is 4.5 hence the approximate cost of the 
exchanger is 4.5 X £2000 = £9000. 

With the aid of Table I the total installed costs of the 
Inconel and steel heat exchanger can now be determined. 

















Example: inconel _ Steel 
fob cost of heat ex- £ £ 
changer ... an 9,000 2,000 = 100° 
Additional materials 
pipelines ... .- 6% 4,050 900 
foundations, _ site 
work, paving... 10% 200 200 
Painting, cleaning, 
fire proofiing ... 5% 100 100 
insulation we 15% 300 300 
steel structures, 
temporary 
facilities oe ~ 500 500 
electrical and mis- 
cellaneous ... 5% 100 100 
Total price heat ex- 
changers with an- 
cillaries 14,250 4,100 
Total erection costs 85% 1,700 1,700 
Heat exchanger 
costs including 
erection sie 15,950 5,800 
All indirect costs ... 80% 1,600 1,600 
17,550 7,400 
Ratio total installed costs 1.95 37 


fob price heat exchangers 
This example illustrates a simple method of preparing 
more realistic and more accurate costs-estimates for chemi- 
cal plants; the method can be applied to all equipment to 
enable the costs of plants including erection to be completely 
estimated. 


* Stogens, M., Brit. Chem. Eng., 1960, 5, 2, 99. 
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MANAGEMENT 


IN THE NEXT DECADE 


A brief survey of seven of the numerous papers presented at 
the Twelfth International Congress of Scientific Management 


by J. STRAUSS, B.A. 


HE recent International Congress of Scientific Manage- 

ment (abbreviated to C.I.0.S. XII) was the twelfth in 
a series of triennial gatherings of delegates from member 
nations of C.I.0.S. (Comité International de l’Organisation 
Scientifique). This was the first time that the meeting had 
been held in Australia, and of more than 2000 delegates 
who registered for the sessions held in Sydney (February 22 
to 29) and Melbourne (February 29 to March 4), over 250 
had come from overseas. 

The general themes given for the Congress were 
“Management’s Methods in the Next Decade” and 
“Management in a Developing Country”, the latter being 
the title of the address with which the Prime Minister of 
Australia, the Rt. Hon, R. G. Menzies, opened the Mel- 
bourne section of the Congress. A brief review is presented 
here of some of the papers which should be of interest to 
chemical engineers in management. 


Productivity Improvement 
(a) Management Methods in the Next Decade: Improving 
Established Methods, by R. Caussin* 

M. Caussin, after a brief résumé of the history of 
management in the early years of this century, reviews the 
techniques employed today, viz.: time and motion study; 
the planning, preparation and procurement of work; cost- 
ing and budgeting; and quality controls. From this review, 
he predicts that, in so far as established management 
techniques are concerned, the main development will lie 
in the extension of research (especially in the preparatory 
stages) and in a more scientific approach to the development 
of new technical processes and methods of work, but that 
a new factor of even greater importance will be the recogni- 
tion of the necessity for a synthesis of the human sciences 
(psychology, physiology and sociology) with the technical 
and economic sciences to bring about greater co-operation 
between research workers and those who apply their find- 
ings, and that management will become increasingly con- 
cerned with this general interaction of factors rather than 
with specific problems in isolation. 


(b) Methods and Techniques to Improve Productivity: 
Developing Newer Methods, by A. K. Watsont 

The main concern of this paper, apart from general 
predictions of increased emphasis on the work of administra- 
tion and management, and of increased awareness by 
industry of its social responsibilities, is with the importance 





* Managing director of the Comité National Belge de 1!’Organisation. 
t Vice-president of 1.B.M and President of I1.B.M. World Trade Corp. 
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for management of what the author terms “the technology 
of information’”’. 

He feels that, in making decisions for long-range plan- 
ning, the so-called “sound business judgment” of executives 
will be replaced by “systematic risk-taking” based upon 
an analysis of the variables of any situation, Such analysis 
can only be effective if supplied with adequate information 
as to these variables, but once a sufficient quantitative 
supply of information is obtained, the automatic computer 
becomes the tool necessary to process and develop it, and 
the paper closes with a number of specific suggestions as 
to the possible applications of such computers. 


Co-operation in Commerce and Industry 
Wages Policy in the Netherlands, by Dr. J. W. de Pous* 

The fact that Holland has probably the lowest loss of 
working time from strikes of any country in the world (less 
than } of that in the U.K.) can be largely attributed to the 
wages policy followed by the government, industry and 
the labour unions in joint consultation. The government, 
representing the interests of the country as a whole, 
attempts to keep economic stability paramount in the 
decisions arrived at by collective bargaining between 
industry and the unions. Wage differentials, based on mar- 
gins of skill (approximately 10%, for semi-skilled, 20% for 
skilled workers) and margins for geographical location of 
work (urban or country) as well as occupational differen- 
tials, are also considered in these discussions. On the basis 
of the actual experience of the Netherlands, the author 
expresses the belief that by some measure of government 
control a policy of full employment need. not lead to 
inflation, the average wage level need not rise faster than 
the level of productivity, and, further, that a long-term 
equilibrium between the supply and demand of available 
labour could be achieved through such policies. 


Long-range Business Planning 
The Influence of Fixed and Variable Factors, both National 
and International, by Prof. M. Marconit* 

Long-term production planning on an economic basis 
is discussed in considerable detail. The major contentions 
on which this discussion is based are that the last decade 
has been characterised by a general increase in industrial 
(and to some extent agricultural) productivity, a growth 
in the volume of international trade, and a marked decline 





* Minister for Economic Affairs, Netherlands Government. 
+ Of the International Chamber of Commerce and of the Comité Européen 
pour le Progrés Economique et Social. 
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in the fluctuations of demand, brought about by the 
economic policies of post-war governments. The introduc- 
tion of large trade blocs, such as the European Common 
Market, may also help in this reduction of uncertainties, 
but at the same time introduces a new complexity into 
the business problems of individual members, thus posing 
new problems of forecasting while making the need for 
their solution increasingly important. 

For any particular firm, it is necessary to predict not only 
the extent of the future market, but also the share which 
the company can hope to have in it. If the company domi- 
nates the supply to the market, it will be able to dictate 
the price of the commodity. This is obviously easier for a 
large firm, which, moreover, takes much less risk when 
introducing a new product than does the smaller firm with 
its limited production, 

The difficulty of prediction is increased by the interaction 
of individual factors such as national income, technical 
progress, supply and demand. Although developments in 
government economic planning and in international co- 
operation make a mathematical economic approach to 
long-term planning more feasible, Professor Marconi 
suggests the human intuition of the entrepreneur is still 
the final element to be used in the making of decisions. 


Management of Research 
(a) Management of Research, by Sir George Nelson* 
(Lord Nelson of Stafford) 

The author is concerned with the type of decisions which 
management (whether industrial or national) must make in 
directing research, and with the factors which must be 
considered in making these decisions. The primary decision 
determines the amount of research to be done, and whether 
the emphasis is to be placed on basic research, applied 
research or product development. A major factor in reach- 
ing this decision is the size of the company. On the basis 
of 1-2% of the national production spent on research, a 
company must have a turnover of at least half a million 
pounds before it can finance adequately even a small 





* Chairman of English Electric Co. Ltd. 








research laboratory. A turnover ten times this amount is 
required to finance a £0.1 million per annum research 
organisation. Therefore, the author suggests that it may be 
more worthwhile for a company which could only run a 
very small laboratory to employ graduate staff to study 
the technical literature and maintain close contact with 
research workers in their field in research associations 
and universities. 

Other sections of the paper deal with the staffing of indus- 
trial research laboratories; the responsibilities and activities 
of the different types of research and development 
scientists and of management; and the organisation and 
financing of the laboratories. 


(b) The Growing Edge of Innovation, by J. R. Killian* 

The author emphasises the accelerating pace of change, 
which is being brought about by an exponential growth 
of scientific knowledge and a compression of the time lag 
between discovery and its commercialisation He argues 
that it has become a major responsibility of management 
to pursue a policy of innovation in order to improve a com- 
pany’s products. This involves more attention both to basic 
research and to its supporting research, analytical engineer- 
ing, in which the available knowledge is scrutinised to 
determine the feasibility of new ideas. It also involves 
proper recognition of the work of scientists and engineers 
as such, rather than as managers, and an effective use of the 
limited supply of creative scientific talent available. To 
enhance creative efficiency, the scientist must have freedom 
of publication; of selection of problems, and of their 
abandonment; and of application of the work to demon- 
strate its merits. Moreover, too many helpers can handicap 
gifted men: experience has shown that great advances are 
more likely to come through the creative ideas of 
individuals than through the massive attacks of “crash 
programmes”. 


The complete proceedings can be obtained in the United Kingdom from 
The British Institute of Management, 80 Fetter Lane. London, C.4. 





* Chairman of Massachusetts Institute of Technology and lately scientific 
adviser to the President of the United States of America 


Conference on North American Chemical Industry 


CONFERENCE sponsored jointly by the Chemical 

Economics Division of the Chemical Institute of 
Canada and the Commercial Chemical Development Asso- 
ciation of the U.S.A. will be held in Montreal on October 18, 
This one-day conference, entitled The Chemical Industry— 
Canada and the U.S.A., will be attended by about 300 repre- 
sentatives of both countries, who will study the problems 
facing the industry in North America. 

The format of the programme has been designed to 
provide a frank and searching analysis into such topical and 
important problems as return on investment, trade, finance 
and research, together with ample opportunity for dis- 
cussion. 

A half-day will be devoted to each country. The morning 
session, dealing with the Canadian chemical industry, will 
feature two Canadian speakers, W. N. HALt, president of 
Dominion Tar & Chemical Co. Ltd., and F. P. Witson, 
executive vice-president, Union Carbide Canada Ltd. 
Moderator will be L. P. Moore, president of Cyanamid of 
Canada Ltd. In addition, two inquisitors representing the 
U.S. chemical industry will be charged with leading the 
question period following the formal presentations of the 
speakers. 


The afternoon session will deal with the chemical 


industry in the U.S.A. and a panel of U.S. speakers 
selected by the C.C.D.A. will discuss its problems. Two 
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Canadian inquisitors will lead the question period for this 
part of the programme. 

The C.C.D.A., founded in 1947, has a membership of 
nearly 500 representing 150 companies in the chemical and 
allied products industries in the United States. The purpose 
of the organisation is similar to that of the Chemical 
Economics Division of the C.LC. and a joint meeting of 
the two groups to discuss problems common to the chemical 
industries in the two countries has been under discussion 
for some time. The October joint conference will also be 
the fourth national meeting of the Chemical Economics 
Division, and will be its most ambitious undertaking. 





Errata 


Entropy — A Thermodynamic Concept and its 
Application, p. 702 (October) 
In the first sentence of the penultimate paragraph 
delete (Stage IV in Fig. 5) and insert (“used in the 
Heylandt plant)”. 


Radioactive Tracing of Phenol Losses in Oil Refining, 
p. 710 (October) 
The diagram for Fig. 1 is shown as Fig. 2 and 
vice versa. 
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Ensecote 








They ought to! They ought to! People who don’t protect the inside 
of their tanks with Ensecote are robbing themselves. Ensecote 
protective linings will protect practically anything you can put 
inside a tank, any size tank. They’re tasteless, odourless, easy- 
cleaned, sterilized—and economical to apply. Ensecote protective 
linings add years to a tank’s life. 





ENSECOTE Lithcote PLASTIC LININGS 


For literature and technical advice on linings, 
and on tank fabrication, write to: NEWTON CHAMBERS & CO. LTD., THORNCLIFFSE, SHEFFIELD, ENGLAND 






Agents in Beigium, France and Holland: FOURS LECOC@ ET ATELIERS DE TRAZEGNIES REUNIS, S.A., TRAZEGNIES, BELGIUM 
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Engineering Manpower 


ITH the exception of the apparently limitless demand 

for electronic engineers, it is now some four years 
since a peak was reached in a general shortage of engineer- 
ing manpower. Undoubtedly, the situation was aggravated 
by numerous professional recruiters and personnel 
managers who toured North America, visiting universities, 
conventions and large industrial areas in order to stockpile 
both new graduates and experienced men. During the 1958 
recession there were many instances of these swollen staffs 
being drastically pruned—particularly in some chemical 
engineering and construction organisations—to an extent 
unthinkable in Britain. 


Another Future Shortage? 

An invaluable barometer of the U.S. engineering per- 
sonnel climate is provided by the annual report of the 
Engineering Manpower Commission of the Engineers Joint 
Council, which undertakes yearly surveys of trends in the 
demand for engineering graduates in industry and govern- 
ment. 

The E.M.C,. survey undertaken during the third quarter 
of 1959 revealed some important short-term and long-term 
trends. Of immediate interest was the news that the net 
increase in the number of engineers employed by industry 
in 1959 was more than double the increase in 1958 and 
would have been greater had a sufficient, suitable supply 
been available. Fortunately, a greatly increased number 
of college men in 1959 (38,162 B.S. graduates alone) pre- 
vented a large numerical shortage, but in many cases the 
need for experienced men remained unfulfilled. 

The 1959 E.M.C. Report drew attention to some impor- 
tant factors concerning the supply of engineering man- 
power. For example, a current shortage has been partly 
avoided by a substantial reduction in the number of 
graduates being conscripted for active military service and 
also by an increase in the number returning from inductions 
of previous years. Nevertheless, the future situation looks 
somewhat serious, since, for two consecutive years (1958 
and 1959) enrolments in engineering colleges have declined. 
Hence, unless increased numbers of students can promptly 
be attracted to engineering, by assurances of stability and 
recognition as well as high initial pay, the opposing factors 
of an increased demand and a reduced number of graduates 
are likely to lead to another acute shortage of men in the 
mid-1960s, 

As regards chemical engineers, some indication of the 
relative demand might be inferred from comparisons of 
1959 starting salaries. The median monthly starting figures 
for all engineers were $510, $600 and $825 for B.S., M.S. 
and Ph.D. graduates. Corresponding figures for chemical 
engineers were below these median levels, being $500, $563 
and $745 respectively. Petroleum engineers fared much 
worse, the respective monthly figures being only $480, $531 
and $675. These average commencing salaries compare 
unfavourably with those offered in other fields; for example, 
the monthly figures for B.S. entrants to the aircraft industry 
were about $526, while Ph.D.s in the machinery business 
averaged an initial $868. Nevertheless, even the lowe~ 
salary levels are sufficiently attractive to numbers of foreign 
graduates and the predicted engineering manpower shortage 
may give rise to an increase in the employment of both 
newly graduated and experienced men from Europe. 

The demand for engineering technicians is also growing, 
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according to the last E.M.C, survey. At the present time, a 
10% increase in numbers is sought, in addition to about 
10% currently undergoing in-plant upgrading. The survey 
also showed that the ratio of technicians to graduate 
engineers for all industries averaged 0.5, while the figure 
for Government engineering occupations was 1.2. The ratio 
for the chemical industry was only 0.2, which suggests that 
a future dearth of chemical engineers might be partly offset 
by hiring and training more technicians. This would appear 
to be a logical policy, since qualified and experienced men 
could then be employed to better advantage. 

Despite a high level of competence and dedication, 
numerous U.S. engineers are deeply concerned about their 
professional and social status relative to other specialists. 

This current preoccupation with status is generating a 
good deal of confusion, both in the minds of the public and 
the engineers themselves. For instance, there is a loud 
clamour in some quarters that, in addition to a university 
degree—preferably a Master’s—plus membership in one or 
more recognised engineering or chemical societies, each 
engineer must also have a State licence before being legally 
entitled to call himself a professional man. Since these 
licences are granted by each individual State, the situation 
could rapidly get out of hand; already, itinerant engineers 
in construction work have to acquire an art gallery of 
separate licences (often gained by examinations where reci- 
procity does not exist) in order to earn a legal living. 

Although the examining and licensing of civil and muni- 
cipal engineers is laudable in the interests of public safety, 
many engineers employed in private industry have been 
stampeded both by their employers and their own brethren 
into obtaining additional qualifications in the form of a 
State licence, only to find that salary levels remain the same 
and the public is as unimpressed as before. This dilemma has 
not only led to a spate of society meetings, articles and com- 
mittees designed to rationalise the status of engineers, but 
it has created an opportunity for the trade unions to offer 
their own panacea for higher remuneration and better 
recognition. In simple terms, they regard a professional 
man as one who “hangs out his shingle” and view engineers 
employed en masse by large corporations as merely rank- 
and-file employees who, accordingly, have much to gain 
by union organisation. 

A well-known recruitment firm, Executive Manpower 
Corporation, recently published the results of a survey 
covering 145 firms in 29 industries, which showed that the 
major manpower need, amounting to 27°, of the total, was 
for top-level sales executives. This was followed by a 
demand for engineering managers (23%) and production 
specialists (19%). In the 15 chemical companies contacted, 
average requirements for top-level men were 3.3 per com- 
pany, compared to an industry average of 2.5 men. More- 
over, the chemical industry was the only one indicating an 
above-average need. It is also interesting to note that the 
chemical industry showed one-third more $15,000 to 
$20,000-a-year jobs available than industry as a whole, and 
correspondingly less in the $10,000 to $15,000-a-year 
bracket. A present-day engineering or science student seek- 
ing enlightenment might well conclude that an ability to 
sell distillation columns or detergents is much more likely 
to help him reach the coveted $50,000 a year goal than all 
the advanced degrees, professional licences and union sup- 
port now advocated. 
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Electrode 
Level Indicators 


RADIOACTIVE AND PNEUMATIC level 
indicators are widely used for indicat- 
ing the levels of corrosive liquids. The 
former are somewhat expensive and 
the others have the disadvantage of 
requiring a compressed air supply, 
non-corrosive compressed air lines 
near the tank containing the liquid and 
the carry-over of traces of corrosive 
from the discharged air. 

It has been reported that a Russian 
chemical factory* has developed a 
simple and inexpensive method of 
remote level indication which avoids 
some of the disadvantages of the above 
two methods. The method employed 
depends upon the liquid electrical con- 
ductivity. The device consists of a rod 
of stainless steel which is inserted in 





* D’yadkov, V. 1. Khim. Prom., 1960, 3, p. 85. 


ALTHOUGH THERE ARE burners com- 
mercially available for practically 
every possible method of burning 
towns gas, there are still occasions 
when a simple “knock-up” burner is 
required. The burner described here 
was made entirely from screwed pipe 
fittings. The simple construction of the 
pipes and fittings is illustrated in the 
drawing. A length of 14 in. B.S.P. pipe 
(optionally tipped with stainless steel) 
was screwed into a 1}-in. B.S.P. tee. Air 














Fig. 1. Automatic level indicator. a, x—terminals 
of secondary winding of transformers, L—signal 
lamp; b—switch. 


the tank through an insulated plug of 
pvc. To the rod (an electrode from an 
arc welder) is attached a cable from the 
secondary winding of a single-phase 
transformer with a voltage of 220/12 
volts (24 volts) or 127/12 volts (24 
volts). The other end of the secondary 
winding of the transformer and the 
body of the tank are earthed. At the 
maximum level of the liquid the circuit 
of the secondary winding of the trans- 
former is closed and the current will 
pass through the circuit; the signal 
lamp (L) then lights up, indicating that 
the tank under control is full. The 
switch (B) serves to test whether the 
lamp is in working order. 

This device has been used for the 
measurement of levels of the individual 


A Towns Gas Burner 


was supplied through an axially-placed 
4-in. B.S.P. pipe. Towns gas was sup- 
plied through the side of the tee and 
was given a tangential swirl by the 
baffle. The overall length of the burner 
was made to suit the application, but a 
critical clearance length between the 
end of the central air pipe and the end 
of the outer tube of 2} in. (i.e., 14 X 
burner tube diameter) must be main- 
tained for flame stability. 

The burner has a remarkably high 












































i—1l-in. B.S.P. air supply at 10 psi; 2—I\l-in. B.S.P. gas supply at 10 


4—I1}-l-in. B.S.P. reducing bush; S—1\-}-in. B.S.P. 


7—tangential directing ; 8—14-l-in. B.S.P. reducing bush; 9—1}-in. B.S.P. lock nut. 
B.S.P. reducing bush with two }-in. dia. handles welded on; 11—\}-in. B.S.P. 
threaded to carry 10; 12—1\}-in. 1.D. stainless-steel tube; 1 


B.S.P. socket to support burner; 15—c 
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Fig. 2. Device for starting and stopping transfer 

pump. IR—intermediate relay; D—motor; K— 

contact and coil of starter; S, G—‘‘stop’’ and “‘go”’ 
knobs. 


tanks in a tank farm. 

In this case, to the terminal (a) of the 
secondary winding are attached elec- 
trodes corresponding to the number of 
tanks. If it is required to signal several 
levels of liquid in a tank, then elec- 
trodes are attached to the walls of a 
tank corresponding to the number of 
measurements desired. 

In order to stop the transfer pump 
when the maximum level has been 
reached, the current to the driving 
pump is interrupted by means of the 
device shown in Fig. 2. In this the lamp 
is in parallel with the coil of the relay 
(I.R.) This simple device is evidently 
promised wide application in the par- 
tial automisation of Russian chemical 
plants. 


output, and stable flames have been 
obtained when burning 928 scf/h of 
towns gas with an air: gas ratio of 5:1. 
Flame stability at these high consump- 
tion rates is brought about by impart- 
ing a tangential swirl to the gas and 
confining the air supply to a high- 
velocity jet in the centre of the burner 
pipe. In this way “blow-off” conditions 
are avoided at the mouth of the burner 
pipe. At lower gas rates (about 600 scf / 
h) air:gas ratios of 8:1 and above 
have been obtained. This is of particu- 
lar interest when a hot reactive flue 
gas is required, as, for example, in 
burning-off operations. In tests check- 
ing the dimensions of the flame it was 
found that at the maximum consump- 
tion rate, ie., 928 scf/h with a 5:1 
air: gas ratio, the flame could be con- 
fined in a 4-in.-diameter combustion 
tunnel to a length of 16 in. 

The burner has been scaled down 
to a l-in. B.S.P. outer pipe and a 
}-in. B.S.P. air pipe. Stable flames have 
been obtained using up to 240 scf/h of 
gas at a 4:1 air: gas ratio. 

W. H. Newton, G. O. Davies 
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SOME SMALL-SCALE chemical pro- 
cesses require gas flows of the order of 
1-3 m*/hr. In a number of such cases 
it is also necessary to shut off com- 
pletely the flow of gas. 

A modification to a 6-mm pneu- 
matic-motor valve with a minimum 
throughput of 10-15 m*/hr (3-5% of 
the maximum throughput) to give the 
above flow rates has been described in 
a recent Russian publication* (Fig. 1). 

The following were the alterations 
made to this valve: 

(1) The needle of the valve rod is 
given the form of a cone (in- 
stead of the double bevel), there- 
by decreasing the diameter of the 
upper part. 

(2) The seating is made removable, 
with a seal of ptfe (Fluoroplast- 
4); this makes is possible for the 
needle to seat more closely and 
thus cut off the gas flow com- 
pletely if required. By the choice 
of rods and removable seatings, 
it is possible to change the mag- 
nitude of the gas flow, changing 
over the rods and seating taking 





* Strunkin, M. G., and Gaevoi, V. I. Khimi- 


cheskaya Promyshlennost’, 1960, 3, 84-85 
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Fig. 1. Pneumatic control valve before modification. Fig. 2. 
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Lower part of modified control valve. 1— 


removable seating; 2—altered needle; 3—lengthened gasket housing; 5—gland nut; 6—packing. 


not more than 30-40 min. (Fig. 
2a). In the case of highly corro- 
sive media, to avoid the needle 
wedging in the seating, the latter 
is pressed in the form of a bush 
into the body of the valve and 
then drilled (Fig. 2b). 

(3) In the existing design the gasket 
has a stuffing box with a gland 
nut which is screwed inside the 
packing housing. A_ further 


modification to the design makes 
use of a deeper stuffing box with 
the packing tightening carried 
out by a hollow nut fitted over 
the gland chaser (Fig. 2b). This 
measure allows the packing to be 
rapidly replaced, whereas in the 
present model in order to do this 
the gasket housing has to be 
stripped right down to the notch 
on the stern. 


Wash Oil Collector Redesign 


BENZOLE SCRUBBERS AT a Russian 
coking plant, which were equipped 
with spiral metallic packings, gave 
trouble through an accumulation of 
solid impurities upon the packings. 
Pressure drop, which initially was 1.5 
to 2.0 mm water gauge per metre 
height of packing, occasionally ap- 
proached a figure ten times greater 
than this. A contributory factor to the 
high pressure drop was the presence of 
water and emulsion in the oil used as 
wash liquor in the scrubber. This was 
due to the faulty design of the collec- 
tor for debenzolised oil which proved 
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ineffective for separating emulsion and 
water from the wash oil. 

The original design of the collector, 
which is shown in the upper half of the 
diagram, was therefore modified. First 
the oil intake pipe (1) was raised by 
800 mm, whereas previously it was 
200 mm above the bottom of the ves- 
sel. This alteration enabled the water 
and emulsion to settle and accumulate 
in the non-working zone of the collec- 
tor. The overflow connection (2) was 
extended into the collector by 3000 
mm. 


Drain pipe (3), 89 mm in diameter 
and with an external outlet, runs along 
the bottom of the collector from end 
to end. Six open branch pipes, each 
50 mm in length, were welded on to 
the pipe at equal distances apart; the 
branch pipe holes are arranged at a 
distance of 20-30 mm from the bottom 
of the collector. The drain pipe ter- 
minated outside the collector in a con- 
nection with a steel wedge slide valve 
and an outlet, passing into a funnel; 
the pipe extended from the funnel to a 
sludge collector. Thanks to the design 
of this drain pipe, it was possible to 
drain the settled water and emulsion 
simultaneously from six points along 
the cold oil collector. 


These alterations eliminated the 
trouble at the towers arising from 
faulty separation of emulsion and 


water from the cold debenzolised oil. 


Abstracted from Coke and Chemistry (U.S.S.R.), 
1960, 5, 40-42. 





Contributions 
invited 


THE EDITOR invites readers to 
submit, for possible publication 
in “Process Engineer’s Note- 
book”, notes on practical devices 
that have been elaborated on the 
job for improving the operation 
or increasing the safety of pro- 
cesses, or that have been extem- 
porised in special circumstances. 
The contributions preferably 
should be of about 250-500 
words, and be illustrated with a 
line diagram or sketch, or a 
photograph. A minimum of three 
guineas will be paid for each 
contribution used. They will be 
published anonymously or under 
the contributor’s name, accord- 
ing to his wishes. 




















Book Reviews 





Fine Particle Measurement 
by Clyde Orr and J. M. Dallavalle 
Macmillan, New York, 1959, 354 pp., 73s.6d. 


HERE is a famous German nursery 

song with which many a child is 
familiar : 

“Knowest thou how many stars stand 

in heaven's firmament? 

Knowest thou how many pebbles on 

the shores the world all round? 

God, the Lord, He counted all, not 

one He missed in all His care.” 

Today it is becoming relatively easy to 
“count” particles, but to “‘size” them ade- 
quately is a much more stimulating and 
rewarding exercise with which this book 
is concerned. 

The late Professor J. M. DALLAVALLE 
is renowned for his research work in 
particle mechanics and his book, “Micro- 
meritics” (the technology of fine particles), 
which was first printed in 1943, was en- 
larged and revised in 1947, The volume 
under review which he published with 
his senior colleague and now successor at 
Atlanta, Georgia, deals entirely with the 
technique of measurement of size, sur- 
face, weight and pore volume of fine 
particles, and with the analysis of the 
data. More than seventy techniques are 
described, ranging from microscopy to 
radiation scattering for size measurements, 
from permeametry to sorption methods 
for surface and pore evaluations. 

It is a book which will be found in 
research laboratories in the fields of 
chemical engineering, physics, mineral 
dressing, etc., and although it is com- 
prehensive in scope, it does not do more 
than survey the field, giving the basic 
principles of each method and their limita- 
tions. It will be found inadequate in 
practice for know-how on the construc- 
tion and use of apparatus, but the authors 
have added 400 references to the text in 
an endeavour to close the gap. It is thus 
in its present form valuable for compara- 
tive studies of methods of fine particle 
measurement, but one ventures to hope 
that it will follow the path of “Micro- 
meritics” and be enlarged within five 
years into a major encyclopedic volume 
on the subject which is badly needed. 

P.E. 


Radioactive Wastes—Their Treatment 

and Disposal 

Edited by J. C. Collins. 

Ay F. N. Spon Ltd., London, 1960, 239 pp., 
ITH the increasing use of radioactive 
materials in industry, research insti- 

tutions and hospitals, the amounts of 

radioactive waste which arise and which 
have to be disposed of in a safe way are 
constantly increasing. It is therefore most 
useful to have compiled in a single book- 
let the essential aspects of this problem: 
the sources of radioactive waste, the 
hazards and measurements of radio- 
activity, and the methods of treatment and 
disposal of liquid, solid or gaseous waste. 

The book has been written in the 
manner of a symposium by eight authors, 
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all of whom are or have been closely con- 
nected with the problems discussed. It 
thus represents a fairly comprehensive 
and up-to-date picture. The only excep- 
tion is the very short article on the law of 
radioactive wastes in Great Britain, which 
has been invalidated by the newly passed 
“Radioactive Substances Act, 1960” (8 
and 9 Eliz. 2. CH 34). This, however, 
should not detract from the overall value 
of the book. This provides not only tech- 
nical data for chemists and engineers, but 
also much-needed and easily digestible 
background information for factory 
inspectors and executives and for all those 
who, from necessity or from interest, wish 
to know how the world deals with these 
new and potentially dangerous materials 
which will be the mark of the next cen- 
turies. 
E. GLUECKAUF 
Economic Control of Interconnected 
Systems 
by L. K. Kirchmayer 
Chapman & Hall, London, 1959, 208 pp. 100s. 
HE subject of this volume is master 
overall control in one particular in- 
dustry—that of electricity generation and 
supply. The dynamic characteristics in- 
volved in steam or hydro-electric generat- 
ing stations are more or less known. The 
problem, then, is the most economic in- 
tegration of supply and distribution to 
fulfil fluctuating demand in given con- 
nected areas. The different aspects of this 
problem are considered and it is shown 
how the whole problem is amenable to 
solution with analogue computation. 
The book is not easy for the non- 
electrical engineer to follow even if he 
can understand the mathematical treat- 
ment, but it is stimulating in showing 
what can be achieved in a real, many- 
component, dynamic control problem. 
Unfortunately, the units of the chemical 
industry are often dynamically far more 
complex, involving competitive chemical 
reactions, This is not so readily soluble as 
the purely physical system. The overall 
economic refinery control system is still 
far distant. 
J. S. M. BortreriLy 


Mechanical Design of Laboratory 
Apparatus 
by H. J. J. Braddick 
The Institute of Physics, Monograph for Students, 
1960, 46 pp., 6s. 

HIS monograph, intended for students 

in courses for Higher National Cer- 
tificate in Applied Physics and in the first 
two years of a degree course, deals with 
the design of instruments and assemblies 
for laboratory use. It is the contention of 
the author that it is sometimes more 
economical to “do it yourself” than to 
buy it “ready-made”. He also feels that 
the knowledge of the principles of design 
would enable the prospective purchaser 
to select the best tool for the job. 

The main chapter deals with the 


principles of mechanical design from a 
functional point of view and is concerned 






location, 
sliding motion, translational and rota- 
tional connections, appreciation of kine- 
matic design, bearings, spring constraints, 


with kinematic considerations: 


motional hysteresis, the idea of sub- 
assemblies, etc. 

In the short final chapter the author 
deals with the embodiment of the above 
principles: advantages of castings and 
fabrication by machining from solid bars, 
plates or sheets. 

This monograph should prove useful by 
giving to the young student a background 
for judicious selection of instruments 
from commercial sources and to the 
mechanical enthusiast some of the “‘do-it- 
yourself” know-how, 

M.P. 


Major Activities in the Atomic Energy 
Progams, January-December 1959, 
U.S. Atomic Energy Commission, 
1960. $2. 

THis 1s THE Commission’s Annual 
Report to Congress for 1959. It consists 
of three parts and an appendix. The parts 
are: One, The Atomic Energy Industry 
in 1959 and Related Activities; Two, 
Major Activities in Atomic Energy Pro- 
grammes; Three, Management of Radio- 
active Wastes. Under the last heading the 
report gives attention to sources and 
problems, waste management, research on 
waste disposal, environmental research 
and finally licensing, regulation and in- 


spection. 


Indian Institute of Science Golden Jubilee 
Research, Volume 1909-1959, Banga- 
lore, India, 1959 

Tue INDIAN INSTITUTE of Science came 
into existence in 1909 with the main 
objective of providing for advanced 
instruction and conduct of original 
investigations in all those branches of 
knowledge likely to promote the material 
and industrial welfare of India. As one of 
the special features of jubilee activities, 
this Research Volume has been brought 
out to commemorate the occasion. 

Among the papers are some reporting 
work in pure and applied chemistry and in 
heat transfer. 


Lehrbriefe fiir Kiltetechnik, Nos. 16, 17, 
18, 1959: 19/20, 1960 Verlag C.F. 
Miiller Karlsruhe. Each Lehrbrief 
DM 1.30. Binders for sets DM 1.20. 

THIS EXCELLENT SERIES continues now 

with notes only on electrical technology 
and refrigeration proper. It may be re- 
called that earlier sections have dealt with 
pure physics and technical calculations. 
In electrical technology, the industrious 
mechanic following the series has now 
been led up to a discussion of switchgear, 
safety devices and relays. In respect of 
refrigeration, he will have calculated 
power requirements for compressors and 
cooling surface area for liquefiers. 


Choice of Careers, No. 94 Laboratory 
Technicians and Assistants, 2s. 6d. 
No. 100, The Scientist, Is. 3d. 
H.M.S.O. 

THIS SERIES now reaches its century. 
The hundredth pamphlet gives most atten- 
tion to the basic sciences. Further reviews 
projected include “Mathematics” and 
“Applied Science and Technology”. 
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Two recent contracts carried out for 
Monsanto Chemicals Ltd., illustrate a selection 
from the comprehensive range of fabricated 
constructions produced for industry. 


Above: Work in progress on the construction ef 
two mild steel carburettors. 


Left: One of two mild steel carburettors. 


APPROVED BY LLOYDS FOR CLASS I! 
WELDING FOR PRESSURE VESSELS. 
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, ESTABLISHED 1864! 
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NOMOGRAM SHOWING VAPOUR VELOCITY IN BUBBLE PLATE TOWERS 


by D. S. DAVIS 


Head, Department of Pulp and Paper Technology, University of Alabama 


The superficial vapour velocity in bubble plate towers can 
be calculated by means of the equation! 


u=KY e:/—! 
where u = vapour velocity, ft/sec, 
sectional area of column; 
pi = density of liquid at column temperature, 1b/cu ft, 
po = density of vapour at column conditions, lb/cu ft. 
and K depends upon plate spacing and depth of liquid 
seal. 


The accompanying nomograph, constructed through applica- 
tion of methods described previously,’ enables rapid and accurate 
solution of the equation. The use of the chart is illustrated as 
follows: What is the superficial vapour velocity in a bubblecap 


based on total cross- 
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plate tower when the densities of liquid and vapour at column 
conditions are 40 and 0.4 Ib/cu ft respectively, the plates are 
spaced 20 in. apart and the depth of the liquid seal is 1 in.? 
In accordance with the key, follow P = 20 to the curve for a 
l-in. liquid seal and proceed to the K-scale at the left. Then 
connect 40 on the p:-scale and 0.4 on the p2-scale with a straight 
line and note the intersection with the 2:-axis. Follow the guide 
lines to the 2- axis and connect this point and the point on the 
K-axis with a straight line, which crosses the u-scale at the 
desired velocity, 1.39 ft/sec. 


——- 
J. “Chemical Engineers’ Handbook’’ 
McGraw. Hill Book Co. Inc., New York, 1950. 
* Davis, D. S., *‘Nomography and Empirical od ° 
Reinhold Publishing Corporation, New York, 1955 


3rd ed., p. 597, 
Chapter 6, 
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CHEMICO BUILDS NITRIC 
ACID PLANT IN SIX MONTHS 





AUGUST SEPTEMBER OCTOBER NOVEMBER DECEMBER JANUARY 


It took just six months for Chemico to successfully complete a 
120 ton per day nitric acid plant in Lawrence, Kansas. Until 
the client gave his final “go-ahead,” not an hour of drafting or 
engineering had been done on the project —not a single piece of 
equipment had been placed on order. Yet, six months from that 
date, the plant finished its acceptance test run, producing at 
above rated capacity. 


With 34 nitric acid plants in operation all over the world, and 
three more in the design stages at this very time, Chemico main- 
tains its position of leadership in this field. In building plants 
to produce Ammonia, Urea, Nitric Acid, Acetylene, Methanol, 
Hydrogen, Sulfuric Acid and other chemical and petrochemical 
products, Chemico is setting new standards for the entire engi- 
neering industry. 


This six month performance for a nitric acid plant follows 
closely the recent successful completion of an ammonia plant in 
ten months. It is not just the time factor alone which sets 
Chemico plants apart, however. Chemico clients know that they 
are buying efficient, economical, proven processes which assure 
ease of start-up and simple, safe operation. If you are consider- 
ing building a new plant or enlarging present process facilities, 
let Chemico help you get the most for the capital you invest. 
Write for the General Bulletin which describes the wide range 
of Chemico’s activities. 


CHEMICAL CONSTRUCTION (G.B.) LIMITED 
9 Henrietta Place, LONDON W.1 
A subsidiary of Chemical Construction 
Corporation, New York, N.Y. U.S.A. 
NEW YORK * CHICAGO * DALLAS * HOUSTON * PORTLAND, ORE * TORONTO * PARIS * JOHANNESBURG * TOKYO 
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RECENT CHEMICAL ENGINEERING THESES 
FOR HIGHER DEGREES 


Heat Transfer to a Film of Water 
Flowing over a Heated Vertical Surface 
by Vincent McIntyre (Ph.D., Manchester 
University) 

An investigation has been carried out 
into the behaviour of a liquid film flowing 
down the inner surface of a vertical tube 
surrounded by a heating annulus. Par- 
ticular attention was paid to the factors 
influencing the minimum liquid flow rate 
required to maintain a continuous film 
on the heated surface. 

The main factors influencing the mini- 
mum wetting rate were found to be the 
temperatures of the heating annulus, the 
temperature of the inlet film and the 
nature of the surface over which the film 
flowed. 

The minimum wetting rate could be 
represented by an equation of the type 

In =A Tann* T? 
where I» was the minimum wetting rate 
in lb/ft hr; Tonn and 7; were the heating 
annulus and film temperatures respec- 
tively and A, a, b were constants whose 
value depended on the surface examined. 

When the difference in temperature 
between the inlet film and heating annulus 
was less than 15°C, the minimum wetting 
rate was independent of the heating 
annulus temperature and remained almost 
constant for any given film temperature. 
When the difference was greater than 
15°C, the minimum wetting rate was 
greatly affected by the value of the heat- 
ing annulus temperature, and the values 
of the minimum wetting rate were higher 
than those found when the temperature 
difference was less than 15°C by as much 
as a factor of 30. 

The cause of film breakdown was 
assumed to be surface tension differences 
on the film surface. Film breakdown 
resulted in a sharp fall in the value of 
the film heat transfer coefficient. 

Experiments were conducted on smooth 
and rough copper tubes and on chromium- 
plated tubes. 


The Corrosion of Mild Steel by Sulphur 
Dioxide 
by A. J. 
University) 

The corrosion of certain sections of 
carbon black plant is described, focusing 
attention on the early attack experienced 
at low temperatures, which is shown to 
be due to sulphur compounds in the 
absence of oxygen and above the dew- 
point. The absence of information on this 
situation in the literature is discussed and 
work on related topics reviewed. 


MacNab (Ph.D., Manchester 





* Valuable information may be lying fallow in 
many cases in theses presented for higher degrees 
in universities and not published in journals. 
British Chemical Engineering is therefore arrang- 
ing to publish a number of synopses of such 
theses, for the information of our readers, as an 
occasional feature. 
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Laboratory experiments were designed 
to reproduce the plant conditions in which 
the corrosion was measured in exposure 
tests by observing the change in weight 
of metal specimens. A comparison of the 
effects of additions to a gas stream was 
made using several forms of mild steel 
and different gas stream composi- 
tions over a range of temperatures. The 
results are compared graphically and 
visual observations are recorded. 

The scales produced by the mild steel- 
sulphur dioxide reaction were analysed by 
X-ray and chemical methods, and the 
scale structure determined by micro- 
graphic examination. 

Some theories on the reaction mechan- 
isms of similar processes, such as oxida- 
tion and sulphiding, are presented and the 
sulphur dioxide attack discussed in the 
light of them. Suggestions are made with 
regard to the nature of the attack and 
some ideas for future work put forward. 


The Operating Characteristics of Sted- 
man Gauze Column Packing 

by Peter Walmsley (Ph.D., Manchester 
University) 

The hold-up and pressure drop charac- 
teristics of a 6in. diameter column 
packed with 8.5ft of Stedman packing 
were investigated. The fractionation effi- 
ciency of the packing was also studied 
with a dilute heavy water/light water 
system and chlorobenzene/ethylbenzene 
systems. Experiments were conducted at 
atmospheric and reduced pressures. 

The préssure drop results were corre- 
lated empirically and the hold-up results 
were correlated empirically and by the 
method of OtaKe and OKaDa. 

It was found that the fractionation 
results with the hydrocarbon system could 
not be correlated theoretically, but an 
empirical correlation was applied. 
Anomalous and irreproducible results 
were found with the water system. An 
investigation showed that the explanation 
lay in the poor wetting properties of water 
on stainless-steel gauze and that if a wet- 
table gauze was used the results were 
comparable to those found with hydro- 
carbons. 


The Mass and Momentum Transfer 
Characteristics of Flow Through 
Column Packings 

by Bernard Atkinson (Ph.D., Manchester 
University) 

The main part of this thesis describes 
work carried out in an investigation of 
the possibilities of the Carman correla- 
tion for the generalised prediction of 
pressure losses in packings under two- 
phase flow conditions. 

The rapid increase in pressure losses 
with gas velocity above the “load” point 


has been investigated and it is suggested 
that this is probably due to increases in 
the gas phase density as a result of liquid 
entrainment in the gas phase. 

The use of the Carman correlation to 
analyse various pressure drop data has 
indicated that one of the factors pre- 
viously neglected and which exerts a con- 
siderable effect on pressure losses is the 
angle of gas flow through a packing. It 
was further found that both particle shape 
and liquid hold-up exerted a considerable 
influence on this variable. In view of this, 
modified equations for pressure drop pre- 
diction have been proposed, the selection 
of the optimum being dependent upon 
packing shape and liquid rate. 

The changes in gas phase density re- 
quired to wholly predict the increased 
pressure losses in the loading region have 
been predicted and correlated. 

A model of a single pore has been used 
in much of the work and is proposed as 
a laboratory tool for mass transfer work. 

An attempt has been made using this 
model to devise a method for estimating 
effective wetted areas in random packed 
columns. 


The Behaviour of Sprayed Aluminium 
Zinc and Magnesium Coatings in the 
Protection of Mild Steel 

by E. L. Smith (Ph.D.. Manchester 
University) 

A survey of the literature emphasises 
the need for further investigation into the 
corrosion of sprayed aluminium, zinc and 
magnesium coatings and their protection 
of mild steel, particularly under immersed 
conditions. 

Potential and pH measurements in 
N/1000 sodium chloride solutions show 
that sprayed aluminium, zinc and mag- 
nesium foils are anodic to mild steel often 
for a considerable time, and coupled 
experiments confirm that good cathodic 
protection is given to mild stee] by these 
sprayed metals. 

Potential measurements with mild steel 
panels sprayed to various thicknesses with 
aluminium, zinc and magnesium indicate 
that protection is merely physical when 
the coat thickness exceeds 6 mil. Below 
this thickness, reactions within pores lead- 
ing down to the steel become increasingly 
important. With a coat of 0.5 mil, protec- 
tion of the steel is only effective for about 
a fortnight. 

Potential measurements and _ visual 
observations show that aluminium, zinc 
and magnesium in the sprayed form are 
more reactive initially than in the massive 
state. The reasons for this behaviour are 
examined in some detail in the case of 
aluminium, and it is concluded that 
porosity and internal stress in the sprayed 
deposit are mainly responsible for the 
reactivity. 


British Chemical Engineering 
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Model CO Dehumidifier installation 
at Reckitt & Sons Limited, Hull, 
for their Steradent process room. 


Many chemicals and pharmaceutical products are harmed by 
atmospheric moisture. Damp weather may spoil both the 
product and the smooth flow of the production processes if 
atmospheric humidity throughout the plant is not controlled. 
Birlec Direct Dehumidifiers offer a simple and highly efficient 
means of holding the relative humidity of a process room or 
storage enclosure at a safe low level. 


AEI-Birlec Limited 


Tyburn Road - Erdington - Birmingham 24 
Telephone: East 1544 Telex No: 33471 


LONDON - SHEFFIELD + NEWCASTLE-ON-TYNE - GLASGOW + CARDIFF 
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Miniature Instruments 

Taylor Controls have introduced 
recently a number of pneumatically- 
operated miniature instruments. 

The first of these (the 110K) is an in- 
dicating instrument in which the value of 
a measured variable is shown by means of 
a roller blind which moves behind a 4-in. 
vertical scale. This instrument may be 
fitted with either a pneumatic or an 
electric alarm. A useful feature, from the 
instrument panel angle, is that two such 
indicators can be mounted in the panel 
space provided by the standard recorder 
cut-out. 





The second instrument (the 111K) will 
transmit a manually set signal between 
3 and 15 psig. A dual 4-in. scale is again 
provided, one side being for the measured 
variable and the other for the pressure. 

The third instrument (the 112K) is a 
direct set alarm, which receives signals in 
the range 3-15 psig. It can be fitted with 
either a pneumatic or an electric alarm, 
and at a pre-set input pressure it will 
give either no output or full output, and 
vice versa. Taylor Controls Ltd., 75 Hale 
End Road, Walthamstow, E.17. 

BCE 8609 for further information 


Automatic Oscillator 

The designers of machinery and equip- 
ment requiring a reciprocating component 
will find a recent hydraulic device of in- 
terest, a typical application being for 
“doctor” blades. 

The device consists of a double-acting 
cylinder with a stroke of from 4-2 in. in 
increments of } in. Reciprocation is 
achieved by means of a built-in pilot- 
operated directional valve which supplies 
pressurised oil alternatively to each side 
of the piston. The speed of the stroke 
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can be varied from 6-60 strokes per 
minute. 

The speed of reciprocation can be 
made independent of load changes by the 
fitting of a small control valve. The maxi- 
mum force available in either direction is 
1 ton. Hydraulic Machinery Drives Ltd., 
101 London Road, Reading, Berks. 

BCE 8610 for further information 


Sub-sieve Sizer 

Kek Ltd., United Kingdom agents for 
the Fisher sub-sieve sizer, are happy to 
announce further facilities resulting from 
the increase in demand for this instrument. 
In future, it will not be necessary for 
purchasers to arrange shipment direct 
from the United States; stocks of the 
Fisher sub-sieve sizer, and spares also, 
will be available in Manchester. Kek Ltd., 

Palmerston Street, Manchester, 12. 
BCE 8611 for further information 


Heavy-duty Toggle Clamp 
A heavy-duty toggle clamp, originally 
produced to facilitate the manipulation 
of plastic materials for which clamping 
pressures of up to 1 ton are necessary in 
vacuum forming, has been recently 
marketed. The exceptional clamping 
power, together with the rugged construc- 
tion, make the new clamp ideal for general 
machining, welding and brazing, bonding 
and laminating, assembly and so on. 
Overall dimensions are 214 in. long by 
124 in. high. Weight is 26 lb, and the angle 
movement 90°. F. Brauer Ltd., Grove 
Road, Harpenden, Herts. 
BCE 8612 for further information 


Process Control Computer 

The control of manufacturing processes 
of the kind encountered in the petroleum 
and chemical field can be effected by a 
new and inexpensive analogue computer. 
The computer stores the formula for 
operating a plant as a mathematic model 
comprised of a number of equations 
representing various aspects of the pro- 
cess. 

In this computer, known as the “Ana- 
trol”, the process variables are repre- 
sented by dc voltages and these are 
manipulated by the computer to an over- 
all average computing accuracy of +1%, 
of full scale, a value which compares with 
that of many standard instruments and 
controllers used in process plants. There- 
fore, the computer does not operate at 
an unnecessarily high level of accuracy 
and this, coupled with the fact that the 
computer accepts input signals and trans- 
mits control signals in analogue form. 
which match the signals sent out and 
received by the plant instruments, makes 
the use of analogue/digital and digital/ 
analogue convertors unnecessary. The 
result is a computer very much less expen- 
sive than the simplest digital machine and 
its low cost of approximately £3000 
makes it an attractive proposition. It can 
receive up to 42 input signals from the 








plant and can transmit 6 output signals 
and, if necessary, more than one compu- 
ter can be used with each in communica- 
tion with the other to form a single large 
unit. 

A self-checking facility is built into the 
computer to ensure its safe use for on-line 
control. An alarm is given should errors 
occur in excess of +1% and the computer 
can be isolated from the process, if 
required, with the controls left at the last 
correct calculated values. The mathemati- 
cal functions which Anatrol can perform 
are addition and subtraction, multiplica- 
tion and division, raising to a power, 
differentiation and integration. Additional 
units, however, can supply other func- 
tions. De Havilland Propellers Ltd., Hat- 
field Aerodrome, Hatfield, Herts. 

BCE 8613 for further information 


Vacuum Mixer 

A mixer, especially suitable for the 
mixing of very stiff pastes and the incor- 
poration of solids in liquids, under excep- 
tionally clean conditions, is now available 
in the U.K. The machine can be supplied 
in four sizes in the capacity range 60 to 
1200 litres, and with motor horsepower 









British Chemical Engineering 








Hi! Whats thie 
about Sharples 
being Chemical 
Engineers ? 


It’s A FACT. Sharples have for many years 
realised that there was more in centrifuging than 
just building a complete range of centrifuges. 
Their policy has always been to look much 
further than the centrifuging step, and to study 
the process as a whole. Application of their 
chemical engineering knowledge means that not 
only will the separational step be right, but it will 
be a unit operation that is correctly integrated 
with the process. 

If you have a process which you are now 
flowsheeting; or a pilot plant development; or if 
you are actually in production; why not have a 
word with Sharples. 

First and foremost in applying basic 
chemical engineering to separation in all 
its aspects. 


BCE 8567 for further information 
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of from } to 6. The vessel has a horizon- 
tal shaft for the agitator blades and 18/8 
stainless steel is used throughout in the 
construction. The charge is fitted by con- 
necting the evacuated vessel to the feed 
material source and heating may be either 
by electricity, steam or other heat-transfer 
media. The shape of the agitating blades 
provides kneading in both vertical and 
horizontal planes. 

The machines, manufactured by 
Messrs. V. Tonazzi & C. of Italy, are now 
obtainable from their agents in this 
country. D.C. and Young (Engineers) Ltd. 
6 Argall Avenue, Leyton, London, E.10. 

BCE 8614 for further information 


Compact Wedge-belt Drive 

A notable advance in power transmis- 
sion by belt drive is signalised by the 
introduction of a series of units capable 
of covering every transmission require- 
ment up to 200 hp. In this range the belt 
length and pulley diameters have been 
selected, using international standardisa- 
tion principles, to provide all the usual 
transmission requirements. 

These new units, known as the “Space- 
savers”, apart from the advantages im- 
plied by the name, reduce the weight of 
installations by as much as from 35% 
to 45% with savings in cost approaching 
30%. The accompanying diagram gives 
an indication of the saving in space. 





The makers, J. H. Fenner & Co. Ltd.. 
provide drive tables for prospective users 
of these drives in their recently issued 
catalogue (reference 135/20/56). J. H. 
Fenner & Co. Ltd., Hull. 

BCE 8615 for further information 


Heavy-duty Tube Benders 
Recently introduced equipment for the 
pipework fabricator makes possible the 
bending of heavy-duty 6-in. n.b. pipe of 
the kind widely used in the chemical and 
petroleum industries. Two types of tube 
bender are available, one being provided 
with three hydraulically-operated rams. 
This unit is for the heavy-duty bending. 
In addition, where large quantities of 
tubing up to 3 in. n.b. have to be bent, a 

motorised machine can be offered. 
Improved features are the type of 
frame, which allows the bending opera- 
tion to be carried out in full view of the 
operator, and the double-acting rams, 
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which allow full power return and easy 
removal of the bent tubing from the 
formers. Tubela Engineering Co. Ltd., 
Fowler Road, Hainault, Iford, Essex. 
BCE 8616 for further information 


Report on Thermoelectric 
Flame-failure Device 

Latest in the series of Gas Council 
reports on equipment (No. 727/60) is one 
on the Danfoss G.S.20 thermoelectric 
flame-failure device—a model which has 
been on the market for some eighteen 
months. The operating principle is that 
an electro-magnetic valve is held open by 
the current resulting from an electro- 
motive force produced by a thermocouple 
situated in a pilot flame. The device com- 
prises three sections—a manual reset but- 
ton, a main valve body and a magnet 
housing. 

The pilot gas connection is drilled in 
a cast projection on one side of the main 
body, parallel to the valve spindle. A 
thermocouple passes through two holes 
in a burner bracket and is clamped by a 
6 B.A. roundhead screw. The thermo- 
couple connection to the valve is spring- 
loaded, a spring being interposed between 
the flared end of the outer lead and the 
union nut. 

Operation of the push button places 
the armature in contact with the poles of 
the electromagnet, seals the gas way to 
the main burner and opens the main valve 
to allow gas to pass to the pilot. When 
the pilot flame is established, the thermo- 
couple is heated and generates an electric 
potential which provides the current used 
to energise the electromagnet. When the 
push button is released after a short 
period, the armature is held and the valve 
remains open against the action of a 
spring. 

When the pilot flame is extinguished, 
the thermocouple cools down, the electro- 
magnet becomes de-energised and the 
armature breaks contact with the poles of 
the electromagnet; thus the main valve 
shuts off the supply of gas to both the 
main and pilot burners. As part of the 
test, the times for opening and closing 
were determined with the pilot pressure 
set at 2.5 in. w.g. and allowing the pilot to 
burn in free air. An average of six read- 
ings showed that time to open was 9 
sec., time to close 23 sec. 









Despite some criticisms of detail— 
which are being considered by the manu- 
facturers—the test laboratory concluded 
that the device, if fitted correctly, satisfies 
sections a, b, c, d and e of LG.D.C. 
Report No. 611356, U 96 “Flame Protec- 
tion Practice (1956)” under the heading 
1.3 Indispensable Characteristics. Danfoss 
Manufacturing Co., 13 Queensway, Lon- 
don, W.2. 

BCE 8617 for further information 


Cutting Mill for Plastics 

Through a novel arrangement of the 
screen a new cutter mill introduced 
by Dreher provides uniform particle size 
reduction and with the generation of the 
minimum heat. This machine is widely 
used for providing the feed for injection 
moulding machines and for extruders, 
and is suitable for a range of grinding 
duties, partly through the use of a massive 
cutter rotor which is constructed from 
special abrasion-resisting steel. The rotor 
has a large swinging moment with adjust- 
able blade cutting angle. Features of the 
machine are the tangential position of the 
screen in relation to the rotor and the 
ready access for cleaning. Special atten- 
tion has been paid to the shape of the 
feed hopper, with the result that this 
machine can reduce in size materials 
which normally require much larger 
equipment. 























Rotor speed is 1430 rpm; three rotary 
blades are provided and two stationary 
blades. Motor horse-power is two and 
output of plastic materials is in the range 
of 20 to 40 kg/h. 

To change the sieve is a rapid opera- 
tion not requiring the use of tools; the 
cutter rotor is attached direct to the 
driving shaft, which itself is provided with 
generous self-aligning bearings. Heinrich 
Dreher Maschinenbau, Aachen, W. Ger- 


BCE 8618 for further information 


Three-speed Gearbox Units 
Opperman Gears Ltd. report that they 
have designed a number of three-speed 
gearbox units in conjunction with I.C.I. 
Ltd. The units deliver 25 hp at top speed, 
but have a starting torque equivalent to 
five times greater than this figure. 
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The speeds available are 100, 60 and 30 
rpm, the motive power being provided by 
a motor running at 1000 rpm. Gear selec- 
tion is made by a manual gear shift acting 
in a gate fitted to the side of the unit. 

These units are destined for plants in 
the United Kingdom, South America and 
South Africa, where they will be driving 
autoclave mixing mechanisms con- 
tinuously throughout the day, and the 
design provides for ten years’ continuous 
service without major overhaul. For this 
reason particular attention has been given 
to the lubrication system which consists 
of a filtered oil supply fed to the various 
bearings by an electrically driven pump, 
change speed gears and clutches. Opper- 
man Gears Ltd., Newbury, Berkshire. 

BCE 8619 for further information 


X-Ray Pictures Developed in 15 Sec. 


An industrial X-ray picture can be 
developed in 15 sec with equipment manu- 
factured by Rank-XeroX Ltd., now com- 
mercially available in Britain for the first 
time. 

The process—known as _ xeroradio- 
graphy—harnesses the speed and low 
cost of xerography (dry, electrical photo- 
graphy) to X-ray work. No darkroom or 
wet chemicals are used and, in many 
cases, xeroradiography clearly reveals the 
faults which are difficult to detect by 
conventional X-ray methods. 


It has a wide range of applications in- 
cluding the inspection of light alloy cast- 
ings, hidden structures, assemblies, potted 
circuits and welds. 

A unique feature of xeroradiography is 
that the image contrast is accentuated at 
sharp boundaries and for small details 
such as cracks, pinholes, etc. The overall 
contrast is, however, low and a large 
thickness range can be accommodated in 
one exposure. This feature can lead to 
considerable economy in the number of 
radiographs necessary for a_ given 
examination. Another attractive feature 
is that any number of photographic prints, 
of any convenient size, can be produced 
containing all the details of the original 
image. 

The resolution of the plates compares 
favourably with medium-speed non-screen 
industrial X-ray film and requires about 
the same exposure. Conventional X-ray 
apparatus is used. The first photo shows 
the sharpness of the image produced and 
suggests the ease with which it can be 
interpreted. The second photo shows an 
ordinary radiograph of the same subject 
for comparison. The xeroradiograph 
suffers less loss of detail in the photo- 
graphic process than does a conventional 
radiograph. The cost of making X-ray 
pictures by this method is considerably 
less than that of normal radiography. 
Watson & Sons (Electro-Medical) Ltd., 
Industrial Division, East Lane, North 
Wembley, Middlesex. 

BCE 8620 for further information 


High Vacuum Magnetic Valves 

A new improved range of magnetic 
valves for high vacuum use offers a wide 
range of optional features to suit the 
growing need for automatic control of 
vacuum apparatus. Sealing is between a 
Nygon (vacuum rubber) pad and a brass 
or stainless-steel cone seating. The valves 
are designed to operate against 15 psi 
pressure difference across the seating. In 
some circumstances, and to special order, 
this can be considerably improved upon. 
Time of opening is dependent upon con- 
ditions, but generally is 4-1 sec. Spring- 
assisted closing gives operating times less 
than 1 sec. The valves can be supplied 
with either integral contact cooled recti- 
fiers (as illustrated) ready for connection 
to 200-250 V a.c. supply or for d.c. opera- 
tion between 160 and 180 V. Other voltage 
coils can be supplied to order. 

The standard 4-in. and 1-in. types may 
be mounted either vertically or inverted. 
Larger types may be supplied either for 
vertical or for inverted mounting. Hori- 
zontal operation can be arranged for any 
size of valve. 

Changeover, make or break contacts 
which operate when the valve is energised 
may be fitted in order to operate inter- 
locking circuits. The action of these con- 
tacts is controlled magnetically, but due 
to the design of the magnetic circuit the 
contacts may also be considered as 
mechanically interlocked with the valve 
mechanism. 


Standard valves are constructed from 
brass and mild steel, all internal surfaces 
of the valve body being nickel plated. 
Pipe adaptors and seating for the stan- 
dard valves are in plain brass. Alter- 
natively, the valves may be supplied with 
all parts of the body exposed to the 
vacuum, plated by the Kanigen process 
and with stainless-steel adaptors and 
seating. This treatment renders the valves 
particularly useful on  mercury-con- 
taminated systems. Sizes available for 
connection to 4, + 3, 1, 14, 2, 3 and 4-in. 
nominal bore tubing. N.G.N. Electrical 
Ltd., Avenue Parade, Accrington, Lancs. 

BCE 8621 for further information 


. Mobile Crane 


A new mobile crane will ultimately 
replace the original “Staffa Three” and 
“Staffa Four” cranes. The new “Staffa” 
crane with its hydraulic luffing gear is 
able to luff under load and is also now 
fitted with a double-acting ram to speed 
up this operation. While following in 
general appearance the familiar lines of 
its predecessors, the new crane is of more 
robust construction, with increased 
visibility from the driving position pro- 
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Small pipe installation is now even faster and INSTALLATION ECONOMY FOR PIPES UP TO 3’ O.D. 
cheaper with the Unistrut system. This new 


Toller is particularly easy to attach to the 
Unistrut support framing and also facilitates 
alignment of the runs. 

A single bolt and self-locating nut fixes the 
Chair to the open side of a Unistrut channel, 


in which it is located by projecting lugs. The 
roller rests on the chair and is designed to 
allow free movement of the pipe. 























For drawing of the new component to bring your Parts catalogue up to 


date, or general information on the Unistrut system, please write to 
Roller and chair are normally of cast steel; a 


Manganese bronze roller is supplied for use ae a UNISTRUT DIVISION OF SANKEY-SHELDON LIMITED 


with copper pipe. ia 43-45 Broadwater Road, Welwyn Garden City, Herts. Tel: Welwyn Garden City 6321 (4 lines) 
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vided by the new open-type A-frame. To 
ensure that the crane will operate under 
the most arduous conditions, a heavy- 
duty hoist box has been incorporated 
together with a new heavy-duty differen- 
tial and a cast-steel axle casing. Smooth 
operation is ensured by the provision of 
hydraulic brakes. The power unit is a 
Ford Dexta three-cylinder water-cooled 
diesel engine developing 27bhp at 
1500 rpm (B.S.S. lhr rating) with elec- 
tric self-starting. The fuel tank has a 
capacity of 9gal and fuel consumption 
is about 2 gal for an average eight-hour 
working day. With standard jib the maxi- 
mum capacity is 4 tons at 3 ft clear out- 
reach, and 1} tons at 10 ft clear outreach. 
All loads can be lifted free on wheels 
and capacities are based upon the safe 
working load, being a minimum of 66 per 
cent of the tipping load. Chamberlain 
Plant Litd., Buckingham Palace Road, 
London, S.W.1. 

BCE 8622 for further information 


Titanium in Plate Heat Exchangers 

The use of titanium for the plates of 
plate heat exchangers is extending the 
use of this efficient and compact type of 
heat exchanger to highly corrosive liquids. 
An instance is the A.P.V. Paraflow of the 
bracket-mounted HXC type at the Mur- 
gatroyd Salt & Chemical Co. Ltd., Sand- 
bach, Cheshire. It is used for cooling 
sodium hypochlorite liquor containing 
14/15 per cent of available chlorine by 
the circulation of 22 per cent calcium 
chloride—both_ exceptionally corrosive 
liquids. The heat exchanger has shown no 
deterioration after several months’ run. 





A.P.V. Co. Lid., Manor Royal, Crawley, 
Sussex. 


BCE 8623 for further information 
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Performance Test of Low-pressure 
Safety Cut-off Valves 

A report has been issued of tests car- 
ried out by the Gas Council on Jeavons 
Type J.54 press-button weep low-pressure 
safety cut-off valves (Industrial Pattern). 
The valves tested were the 1I-in., 14-in. 
and 2-in. B.S.P. sizes. The valve body and 
seat, which are integral, are made from 
cast aluminium alloy, sizes } in. and 1 in. 
being diecast. The cover is secured by a 
number of size OB.A. cheese-headed 
cadmium-plated steel screws which pass 
through clearance holes in the top cover 
and body rims to engage with nuts located 
in recesses on the underside of the body; 
the diaphragm is held between the screws. 
A cork washer forms the top seal of the 
press-button weep assembly and the 
diaphragm bonding rings are compressed 
simultaneously. The centre of the cover 
is tapped to receive a clamping screw 
which, together with a steel packing piece, 
holds the valve bob on its seating to avoid 
damage during transit. A label is attached 
to the clamping screw, giving instructions 
for removal of this packing piece. The 
direction of flow is clearly indicated by 
the word INLET embossed on the casting. 
The method of operation is that, on 
failure of the gas supply, the valve bob 
drops on to its seating. When the gas 
supply is restored, the bob will not be 
lifted off its seating until the inlet pres- 
sure, which acts on the underside of the 
valve bob only, reaches the value shown 
in Table 1. 


Table 1 





Inlet pressure which 
the valve bob will 





Size of valve, withstand 
in. B.S.P. in. w.g. 
1 17 
1} 17 
2 19 








No gas can pass to the appliance bur- 
ners until all cocks are virtually closed 
and the weep reset button is depressed, 
enabling pressure to be built up under the 
diaphragm and lift the valve off its 
seating. 

The testing laboratory made the follow- 
ing comments: (1) The mild steel screw 
which passes through the valve bob to 
engage a nut beyond the diaphragm, thus 
clamping the two components together, 
is not protected against corrosion. (2) 
Each of the valves tested was found to 
have a cut-off pressure slightly in excess 
of 1 in. w.g. The figure specified in 
1.G.D.C. Report No. 676/58, U 9, is 1 in. 
w.g. (3) With regard to the 2-in. model, it 
is felt that the recesses at the underside 
of the valve body which house the eight 
size O B.A. nuts should either be large 
enough to accept a box spanner or be 
sufficiently small to prevent the nut 
revolving. (4) In the case of the 2-in. size, 
the weep rate at 2.5 in. w.g. pressure dif- 
ferential was 0.9 ft®*/h. This should not 
be less than 1 ft*/h. (5) The re-opening 









time when the 2-in. model is connected to 
the equivalent of 100 ft of pipe is too 
slow, but modifications suggested in (2) 
and (4) above should correct this. 

These points were discussed with the 
makers, who have given assurances that 
the screw referred to in (1) will be cad- 
mium plated; the cut-off pressures will 
not exceed I in. w.g. in bulk supplies; the 
recesses referred to in (3) will be adjusted 
to accept a box spanner; and that the 
weep rate at 2.5 in. w.g. differential in 
future models will be not less than 1 ft*/h. 

The final conclusion was therefore that 
these valves satisfy the requirements listed 
in LG.D.C, Report 676/58, U9, Ancil- 
lary Equipment for the Operation and 
Control of Gas-heated Plant—A Revie. 
of the Present Position (1958) (Report 
No. 726/60 of the Industrial Gas 
Development Committee of the Gas 
Council). Jeavons Engineering Co., Tip- 
ton, Staffordshire. 

BCE 8624 for further information 


New Centrifugal Pumps 
A completely new range of single-stage 
centrifugal pumps known as the Alcon 
Thames range are now available, re- 
placing the Alcon self-priming centrifu- 
gal pumps. They are available in sizes 





from 1 in. to 5 in. The maximum pumping 
temperature using water (S.G.= 1) is 
225°F and the allowable suction pressure 
30 psi. Full details and data sheets are 
available from Arthur Lyon & Co. 
(Engineers) Ltd., 6 Carlos Place, Gros- 
venor Square, London, W.1. 

BCE 8625 for further information 


High-temperature Torch 

The plasma-jet—a new high-tempera- 
ture torch—was shown for the first time 
at this year’s Farnborough Show. It is par- 
ticularly suitable for applying coatings of 
high melting point or reactive material 
by spraying. Examples are zirconia, 
alumina and titania; refractory and re- 
active materials including tungsten, tan- 
talum and silicon; chemically-resistant 
materials such as titanium and stainless 
steel; and wear-resisting materials like 
tungsten-carbide and _nickel-chromium- 
boron alloys. Possible uses include coat- 
ing of steel parts with chemically- 


resistant materials such as titanium and 
stainless steel and the application of hard 
wear-resistant coatings. British Oxygen 
Co. Ltd., Bridgewater House, St. James’s, 


London, S.W.1. 
BCE 8626 for further information 
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Combined Purifier Drier for Hydrogen 
A new catalytic purifier for removing 
oxygen from hydrogen has been built up 
into a combined unit incorporating an 
automatic dryer. This unit, having a maxi- 
mum capacity of 100 scfh, will purify 
normal commercial grade hydrogen to 
give a gas with an oxygen content of less 
than 1 part per million. By the use of a 
Linde molecular sieve as the drying agent, 
it achieves a dew point as low as minus 
100°F. Maximum operating pressure is 
5 psig, the pressure drop at 100 cfh being 
1 psig approximately. At 200-250 volts 
A.C. the power required is 200 watts 
during reactivation. The drying unit is 
reactivated automatically in about 5 hr. 


A, Drying unit; B, Deoxo catalyst cham- 
ber; C, Upper three-way solenoid valve; 
D, Lower three-way solenoid valve; E, 
Two-way solenoid valve; F, Converter; 
G, Transformer; H, Gas inlet; J, Gas out- 
let; K, Standby gas inlet; L, Reactivation 
switch; M, Pilot light; N, Reactivation 
cycle timer; O, Power connection. 


The manufacturers state that the plati- 
num metals catalyst used to remove 
oxygen requires no reactivation, and un- 
less poisoned by sulphur compounds, 
carbon monoxide, chlorine, and some 
organic compounds—which are rarely 
found in commercial hydrogen—should 
last indefinitely. The unit known as the 
Puridryer may also be used with other 
gases such as nitrogen, argon, neon and 
saturated hydrocarbons, provided that 
two volumes of hydrogen are present in 
the gas to react with each volume of 
oxygen impurity to be removed. Engel- 
hard Industries Ltd., Baker Platinum 
Division, High Holborn, London, W.C.1. 

BCE 8627 for further information 


Packaged Effluent Instrumentation 

Complete instrumentation is now avail- 
able for automatic correction of effluent 
pH values and automatic control for de- 
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toxication of trade wastes containing 
cyanides and chromates. For many 
applications the equipment can be sup- 
plied completely installed and pre-wired 
in floor-mounting cubicles ready for 
immediate installation. Packaged units 
can be supplied for flow rates up to 
2000 gal/hr and systems are available for 
large flow rates, together with instruments 
for batch or continuous treatment plants. 
A. M. Lock & Co. Ltd., Oldham, Lanes. 

BCE 8628 for further information 


New Publications 


Two leaflets published recently by 
Powell Duffryn Engineering Co. Ltd. 
describe the range of storage tanks made 
by the company. Leaflet No. 100 gives 
details of Cambrian mild-steel cylindrical 
and rectangular tanks with capacities of 
from 500 to 12,000 gallons. Prices are 
quoted for the complete range of tanks 
and fittings such as pipes, valves, B.S.P. 
sockets, draw-off taps, as well as for cali- 
bration. General information is also given 
about delivery, fabricating tanks from 
special materials to customer’s require- 
ments, fittings, site erections and pipe- 
work. Bulk storage tanks are the subject 
of Leaflet 101 and pictures of a number 
of installations in the course of erection 
are shown. The work of Pipeweld Ltd., 
an associate company of Powell Duffryn, 
is also described. This company has estab- 
lished a first-class reputation for its work 
in fabricating, installing and erecting pipe- 
work in oil refineries and chemical, gas, 
and general engineering plants. Powell 
Duffryn Engineering Co. Ltd., Cambrian 
Works, Maindy, Cardiff. 

BCE 8629 for further information 


A new reference booklet (60/1) pub- 
lished by Flexible Drives (Gilmans) Ltd. 
gives very full details of Skatoskalo 
machines and their accessories. This equip- 
ment is suitable for scaling almost every 
tubular or drum installation as well as 
ships’ decks, hulls, bunkers, etc. Light, 
standard and heavy-duty sets are illus- 
trated and described in detail, as well as 
the various types of petrol-driven and air 
motor-driven sets. 


A comprehensive list of spares, all of 
which are illustrated in detail, is given in 
the booklet, along with reference numbers 
and, in many cases, dimensions. 


The many different types of scaling head 
are also illustrated and described. Some 
of the many applications of the equipment 
are illustrated on the insides of the covers. 
Flexible Drives (Gilmans) Ltd., Skato- 
scalo Works, Millers Row, Warwick. 

BCE 8630 for further information 


Some of the many industrial drying 
problems which can be overcome by the 
use of Humidryer equipment, made by 
Burnett & Lewis Ltd., are described in 
publication No. 4/3M. Humidryer equip- 
ment removes moisture from gases and 


liquids by means of activated alumina or 
silica gel. The brochure describes the 
many industries in which the equipment 
is in use, including the chemical and 
atomic energy fields. Humidryers have 
been exported to more than 23 countries 
and the range includes units from labora- 
tory size to plants handling flows of 
10,000 scfm for pressures from atmo- 
spheric up to 12,000 psig. The units will 
give from 5-40% R.H. at temperatures 
down to —100°C. 

Another field in which the equipment 
is widely used is that of air conditioning. 
it can maintain moisture-free conditions 
in small sealed-off areas, such as are 
necessary in the manufacture of electronic 
components, ,antibiotics, etc., at a com- 
paratively low cost. Burnett & Lewis Ltd., 
Redhouse Industries Estate, Aldridge, 
Walsall, Staffs. 

BCE 8631 for further information 


The BP Research Centre is concerned 
with problems of discovery and exploita- 
tion of sources of crude oil, and also 
with the transportation, refining and 
utilisation of crude oil and all petroleum 
products. The Centre is made up of a 
number of technical divisions whose work 
is described in a booklet, “Research at 
Sunbury”. British Petroleum Co. Ltd., 
Sunbury-on-Thames, Middlesex. 

BCE 8632 for further information 


Origins and manufacture of calcium 
chloride are clearly set out in a new 
booklet with tables of properties, uses, 
precautions in handling, stocking, details 
of qualities and packages. Finally there 
are tables of technical data on the salt 
and solution, including a nomograph for 
calculating heat transfer and graphs of 
electrical conductivity. Chlorure de Cal- 
cium, Solvay & Cie, rue du Prince Albert, 
Brussels, 5, Belgium. 

BCE 8633 for further information 


A recent pamphlet on chlorinated sol- 
vents reviews the manufacture of the four 
chlorinated derivatives of methane together 
with trichlorethylene, perchlorethylene 
and lists their properties. Illustrations are 
given of uses in dealing with silicones, 
butyl rubber, cellulose triacetate, aero- 
sols, degreasing, dry cleaning, extraction 
of animal fats and vegetable oils. Final 
chapters deal with hygiene, security and 
transport and there are extensive tables 
of technical data. Solvants Chiorés, Sol- 
vay & Cie, 33 rue du Prince Albert, 
Brussels, 5, Belgium. 

BCE 8634 for further information 


In a new comprehensive 16-page 
brochure on chemical demulsifiers for 
petroleum producers, various application 
methods of Tret-O-Lite chemical de- 
mulsifiers are described. Photographs, 
photomicrographs and charts illustrate 
applications, types of emulsions and de- 
mulsifiers. The booklet includes a 
schematic drawing depicting how more 
than thirty factors in a normal produc- 
tion system may affect treating efficiency 
and treating costs. Petrolite Ltd., Savile 
Row, London, W.1. 

BCE 8635 for further information 
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Man Mil Plastics 
Lid., Stalybridge 
make washing cells 
from ‘Darvic’ p.v.c. 
sheet to perform the 
washing and humidi- 
fying of air in the 
Manwood Miller 
patented capillary 
washer. (above) They 
also make water elim- 
inator plates from 
‘Darvic’ p.v.c. sheet 
for air washers in ven- 
tilating equipment. 
(below ) 


IMPERIAL 


November, 1960 


BCE 8572 for further information 
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‘Darvic’ wont corrode—no wonder Man Mil 


Plastics Limited make so 


Man Mil Plastics Limited, Stalybridge, make 
water eliminator plates for air washers in 
ventilating equipment from ‘Darvic’ p.v.c. 
sheet. They also use ‘ Darvic’ to make washing 
cells which wash and humidify air in the 
Manwood Miller patented capillary washer. 

A great feature of this outstanding material 
is its superior resistance to corrosion. It is also 
much lighter than conventional materials and 
has higher impact strength. ‘ Darvic’ is easy to 


‘DARVIC’ IS THE REGISTERED TRADE MARK 


a. 





much use af.1t 


shape, rigid even in thin sheets and has dimen- 
sional stability in atmospheres of varying 
humidity. ‘ Darvic’ is available in a wide range 
of colours 
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World of Chemical Engineering 


Polythene Foam Plant 

The Dow Chemical Co. of the U.S.A. 
are to construct a 61,000 sq ft new exten- 
sion to their Ohio factory to produce 
“Ethafoam”,* a polyethylene expanded 
plastic. The new plant, due for comple- 
tion in June 1961, will be adjacent to the 
present facilities that produce “Styron” 
and “Styrofoam”. Uses for this new 
expanded plastic will include safety 
swimming belts, surf-boards, boat fenders, 
dock bumpers and marine buoyancy 
applications. New applications are also 
developing in the fields of package 
cushioning, construction and _ thermal 
insulation. The foam is flexible and of 
closed cell structure about 30 times lighter 


than water. 
* Registered trade-mark of the Dow Chemical 
°. 


New Butyl Rubber Plant 

The manufacture of butyl rubber is to 
be undertaken at the Esso Refinery, Faw- 
ley, and a 3000-t.p.a. plant is to be erected 
at a cost of approximately £44 million. It 
is estimated that two to three years will 
elapse before the plant comes on stream. 
It is intended to supply the entire United 
Kingdom market and leave, at the same 
time, a margin for export. 


First Coal Tar Udex Unit in Japan 
Completed at Kokan Plant 

The first Udex unit in Japan to separate 
benzene, toluene and xylene from coke 
oven light oil has been completed at the 
Kokan Chemical Industries Co. Ltd. plant 
here, the plant having been designed by 
Universal Oil Products, of Illinois. 

Benezene from the 500 barrel-per- 
stream-day UOP Udex unit will be 
charged to a UOP catalytic condensation 
unit for the production of ethylbenzene. 
Soon to be built are dehydrogenation and 
styrene purification units to convert the 
ethylbenzene to styrene. Universal Oil 
Products Co, are also designing the 
catalytic condensation unit and the styrene 
facilities. 

UOP are also involved indirectly in an 
extension at the refinery at Abadan in 
Iran. In this case the Iranian Oil Refining 
Co. N.V. have awarded a contract to 
Flour-Schuytvlot N.V., Haarlem, The 
Netherlands, for the complete design, 
engineering and construction of a 200- 
b.p.d. UOP Unifiner-Platformer. The con- 
tract is to be carried out by Fluor 
Engineering & Construction Co., London. 


More Boric Acid 


Borax Francais S.A., a subsidiary of 
Borax Holdings, is to double the output 
of boric acid at its Couderkerque factory 
near Dunkirk. The expenditure on the 
project will exceed £100,000. The 
demands for boric acid are continually 


824 


increasing, and present trends indicate 
that the rate of growth will become even 
greater, particularly in the United King- 
dom and countries of the European 
Common Market. 


1.C.1.’s Salt Division to Merge with 
Alkali Division 

For administrative reasons, the Salt 
Division of Imperial Chemical Industries 
Ltd. will be merged into the Alkali Divi- 
sion on January 1, 1961. The general 
policy regarding production and sales of 
salt will remain unchanged. Relations 
with suppliers and customers will continue 
as at present. 

The Salt Division has three works pro- 
ducing white salt: at Winsford in 
Cheshire, at Weston Point situated on the 
Manchester Ship Canal, and at Stoke 
Works, near Droitwich, At all these works 
white salt is produced exclusively by the 
multiple-effect vacuum process, the Salt 
Division having abandoned the older 
open-pan process which was much less 
efficient, particularly in terms of fue] and 
labour required. At Weston Point it is 
possible to load the salt directly into 
ocean-going ships. For inland distribution 
the Division has pioneered the develop- 
ment of special vehicles for the transport 
of dried salt in bulk, designed to pump 
the salt by air pressure direct into custo- 
mers’ storage without any need for bag- 
ging and handling. 

The Salt Division also operates, at 
Winsford, the only rock salt mine in 
Britain. A major scheme of extension and 
development of the mine, designed to 
more than double its capacity, is now 
nearing completion. 

The Salt Division’s research work has 
since the war produced two novel and 
useful grades: “Dendritic” and “Granu- 
lar”, each the product of a special pro- 
cess. Granular salt is a large-grained 
product with specialised uses. Dendritic 
salt, which has an entirely different crystal 
form from the cubic form of normal salt, 
is much less dense and has the special 
property of dissolving easily and quickly 
and of absorbing moisture. 


Company’s New Name 

Head Wrightson Stockton Ltd. is the 
new name of the Head Wrightson Stock- 
ton Forge Co. Ltd. This change was 
considered expedient because of the 
greater diversification of the company’s 
activities. The company was formed over 
60 years ago and since then has extended 
its operations into new industries. Today 
they design and manufacture specialist 
equipment for the mining, iron and steel, 
chemical and allied industries, and the 
company’s services in the constructional 
field are used extensively overseas. 


British Heat Exchangers for Russian 
Chemical Plant 


A large chemical processing plant con- 
tract awarded to a West German firm 
for completion in Russia is to use British 
plate heat exchangers. The A.P.V. Co. 
Ltd. is to supply twenty Paraflow stainless- 
steel plate heat exchangers to the West 
German firm. Sixteen will be of the large 
C.H.F. type and four of the I.H.M.B. 
type. The number of plates in each ex- 
changer varies according to the load. The 
application of the exchangers has not yet 
béen disclosed. 


Production of Polyvinylidene Chloride 
Co-polymers 

The Plastics Division of Imperial 
Chemical Industries Ltd. is installing a 
plant to manufacture polyvinylidene 
chloride co-polymers, and expects the 
first members of a range of products to 
be available in production quantities early 
in 1961. There is a considerable demand 
in the U.K. for these resins in solvent 
solution and as aqueous dispersions for 
coating purposes. They have a high degree 
of impermeability to moisture, grease, 
odours and gases and can provide heat- 
sealing properties. They will be of great 
value in those trades where paper, cellu- 
losic and thermoplastic films are used for 
packaging. In the past the U.K. demand 
has been met almost entirely by imports. 


More Pyrethrum for Japan 

Japan is manufacturing more insecti- 
cides and this is expected to result in 
greater imports of pyrethrum from Kenya, 
the world’s main source of supply. Because 
of its quick killing action, pyrethrum is 
used in many manufactured insecticides 
and because it is harmless to human 
beings it is also used alone in many cases. 

The increase in production of insecti- 
cides is to meet the growing requirements 
in Japan, traditionally a pyrethrum pro- 
ducer, of public health authorities and 
also the growing demand in the Far East 
and South-east Asia. Japanese manufac- 
turers are, of course, well placed to take 
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MAKE THE MOST OF GASES CONTAINING 
HYDROGEN SULPHIDE 


WITH WET CONTACT SULPHURIC ACID PLANTS 


If you want to make the maximum use of gases containing 
hydrogen sulphide which are produced at gasworks, coke 
ovens and other chemical plants, specify an HH wet contact 
sulphuric acid plant. This typical installation uses the gases 
from a hydrogen sulphide recovery plant to produce 12 tons 
of 78% acid per day. The hydrogen sulphide 

gases are burnt with undried air and the resulting 

mixture of sulphur dioxide and water enters 

the converter without being dried. The pre- 

cipitator incorporated in such a plant can be 

either the electrostatic type, as in this 

example, or the ceramic filter type. 

The gases leaving the precipitator are 

of such quality that they can be re- 

leased straight into the atmosphere. 

In the interests of economy 

the waste heat is recovered. 

Other specialities include: 

Saltcake furnaces—hydrochloric 

acid plants, Roasting furnaces, 

Ceramic filters for the removal of 

acid mist from exit gases. 


Photograph by kind permission of The North Thames Gas Board 


Wet contact sulphuric acid plants by 


Huntington, Heberlein & Co. Ltd 


SIMON HOUSE, 28-29 DOVER STREET, LONDON, W.1. Telephone: Hyde Park 8191 Telex: 2-3165 Telegrams : Innovation Wesphone London Telex 


COMMONWEALTH REPRESENTATIVES: Simon-Carves (Africa) (Pty) Ltd: Johannesburg Simon-Carves (Australia) Pty Ltd: Botany, N.S.W. 
Simon-Carves Ltd: Calcutta Simon-Carves of Canada Ltd: Toronto 
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advantage of openings in the South-east 
Asia market. 

There is a particular demand in Japan 
and nearby countries for mosquito coils. 
These are spiral coils of combustible 
material containing pyrethrum, which are 
lighted and slowly burn, killing or re- 
pelling mosquitoes and other flying 
insects, The manufacture and export of 
these coils are also increasing. 

Before the Second World War Japan 
was the world’s main source of supply of 
pyrethrum. Dr. E. A. Baum, a technical 
representative of the African Pyrethrum 
Technical Information Centre, on return- 
ing to Kenya after an extensive tour in the 
Far East, has reported that whereas Japan 
produced 12,800 tons of dried pyrethrum 
flowers in 1935, it produced only 2500 
tons last year. There was little indication 
that Japan would return to its pre-war 
pyrethrum production level. This pointed 
to an increasing market in Japan for 
African pyrethrum, whether as dried 
flowers or extract. 


A Recent Appointment 

Blaw Knox Chemical Engineering Co. 
Ltd., has announced the appointment of 
Mr. Maurice W. Vincent, B.Sc., A.R.LC., 
as technical sales manager. Mr. Vincent 
graduated from Bristol University and 
has had extensive industrial experience, 
including the supply of plant to the pro- 
cess industri¢s. From 1955 until 1960 he 
was head of the process laboratories with 
Sharples Centrifuges Ltd., and, before that, 
development chemist with Murgatroyd’s 
Salt & Chemical Co. Ltd. 


Extension of Hydrogenation Unit 

The sole hydrogenation unit in the U.K. 
operated by Marchon Products Ltd., for 
producing alcohols in the C8/C18 range, 
is to be extended. The new capacity, which 
will become operative before the end of 
1960, will incréase output by more than 
50%. 


High-level Handling at new Nitric 
Acid Plant 


An interesting handling installation 
which involves a high-level lifting run- 
way for use at a new nitric acid plant in 
Scotland has been completed by British 
Electrical Repairs Ltd. 

In the final stages of weak nitric acid 
production, there are six stainless steel 
cylindrical absorption towers, the tops of 
which are approximately 100 ft high. The 
towers, in three groups of two, are sur- 
mounted by platforms at three different 
levels and each has an opening on top for 
subsequent coupling to feeder trunking 
and for the initial purpose of allowing 
access for the packing of each tower 
with thousands of ceramic rings, each 
about the. size of a teacup. The rings 
would require to be raised in bulk up the 
outside of the towers and lowered in 
lesser quantities into the towers through 
the ports. 

Loading of the towers manually was 
considered uneconomic and hazardous 
and, after consideration of various other 
methods, a scheme was prepared whereby 
a 46 ft long runway supported by three 
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goalpost structures was landed on the 
platforms 100 ft up. As there were three 
different port-opening positions, the goal- 
post bases were seated on double channel 
transverse runners so that, as each group 
of towers was filled, the whole runway 
structure could be moved horizontally 
across to the next set of ports. 

The runway structure was erected in 
two parts at ground level and each part 
was raised and sited on the platforms by 
means of a 120-ft-jib mobile crane. A 
travelling electric hoist unit traversed the 
runway, raising bulk loads of ceramic 
rings weighing 4 ton to platform level, 
and lowering smaller quantities in “kit- 
bag” shaped containers into the towers. 
B.E.R.L. proof load tested the apparatus 
before it was handed over to the nitric 
acid plant owners and issued the relevant 
test certificate. 
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The special interest in this project does 
not lie so much in the nature of the crane 
structure and hoist unit as in the height 
at which it had to be erected, the fact 
that the whole structure had to be moved 
safely across a platform length of 20 ft 
and the final use to which the unit was 
put. 


Contracts 


A PROPOSAL HAS been placed before the 
Japanése Government by Asahi-Dow 
Ltd., an associated company of the Dow 
Chemical Co., for the construction of a 
polyethylene plant at Kawaski, Japan. 

According to the proposal, the new 
plan would use the high pressure poly- 
ethylene process developed by A.G. fiir 
Olefinpoly-merisaction (AGFO process). 

The principal licensor of the AGFO 
process, Scientific Design Co. Inc., New 
York, N.Y., concluded recently a con- 
tract authorising Dow’s Swiss subsidiary, 
Dow Chemie A.G., to use the AGFO 
process for high-pressure polyethylene in 
several countries on a non-exclusive basis 
for the benefit of its manufacturing sub- 
sidiaries and associated companies. In the 
case of Japan, however, Scientific Design 
agreed that the licence be granted ex- 
clusively to Asahi-Dow. 

Since the proposal also includes the use 











of Dow techniques in the fields of poly- 
ethylene manufacture and fabrication, 
Asahi-Dow has been able to present a 
fully integrated proposal to the Japanese 
Government. 

Asahi-Dow manufactures styrene, poly- 
styrene and Saran plastics materials at 
plants in Kawasaki, Nobeoka and Suzuka 
City, using Dow processes and technology. 

KELLOGG INTERNATIONAL Corp., Lon- 
don, a subsidiary of The M. W. Kellogg 
Co., New York, has been awarded a con- 
tract to engineer and build a new 34,000 
barrels/day refinery for Pakistan Refinery 
Ltd. near Karachi, Pakistan. Participating 
in Pakistan Refinery Ltd. are the Burmah 
Oil Co., Caltex, Shell and Stanvac, 
together with Pakistani interests. Bataafse 
Internationale Petroleum Maatschappij 
are the technical co-ordinators for Pakis- 
tan Refinery Ltd. 

The refinery will consist of a 34,000 
barrels/day crude distillation unit, a 
catalytic reforming unit and a hydro- 
treater. Offsites include a marine terminal 
and a crude oil pipeline from the port to 
the refinery site. 

Engineering for the project is now under 
way at Kellogg International Corp. offices, 
London. Construction is scheduled to be 
completed late in 1962. 

A CONTRACT FOR a multi-million-dollar 
ammonia plant which will feature an 
ammonia synthesis converter with the 
largest single designed capacity in the 
world has been awarded Chemical Con- 
struction Corp., New York. The plant is 
being designed and constructed by 
Chemico for U.S. Phosphoric Products in 
Tampa, Florida. 

The Tampa plant, which will use 
natural gas as a raw material, will have a 
capacity of 350 tons per day. 

Engineering has already begun on the 
project, using the Chemico ammonia pro- 
cess in what is essentially a single train of 
equipment. 

The process steps include, in addition 
to gas reforming, CO: removal by a com- 
bination of potassium carbamate scrub- 
bing and MEA clean-up. 

Methanation will provide final purifica- 
tion prior to the ammonia synthesis 
operation, In addition, the product 
ammonia will be stored in an atmospheric 
storage system. Target date for the com- 
pletion of the plant is set for late 1961. 
Stmon-CarVEs Lp. have received from 


‘Industrias Quimicas Argentinas Duperial 


S.A.LC. (a subsidiary of Imperial Chemi- 
cal Industries Ltd.) a contract of approxi- 
mately £250,000 for a sulphuric acid plant 
at San Lorenzo to produce 207 long tons 
of acid per day for general sale in the 
Argentine, where they are the largest 
suppliers of sulphuric acid. In addition to 
the conventional acid-producing plant, 
the contract includes sulphur filtration 
equipment, a pure acid unit for produc- 
tion of reagent and battery acids, and 
facilities for production of 65 per cent 
oleum. 

The whole of the material is being 
supplied from the United Kingdom. Con- 
struction on site has already begun, and 
the plant is expected to go into service 
about the end of 1961. 
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